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PREFACE. 


The  present  work  differs  from  the  Author's  '^Introduction  to 
General  Inorganic  Chemistry''  in  being  intended  for  pupils  who 
can  devote  less  time  to  the  study  of  the  science,  and  whose  needs 
can  be  satisfied  by  a  less  extensive  course.  It  resembles  the 
larger  work  in  the  arrangement  of  the  contents  and  in  the  general 
method  of  treatment.  The  matter,  and  particularly  the  theoreti- 
cal matter,  however,  has  been  simplified  and  has  been  confined 
strictly  to  the  most  fundamental  topics.  Such  parts  of  the  theory 
as  are  thus  given,  are  presented  with  the  same  fullness  as  before, 
and  are  illustrated  and  applied  with  all  the  persistence  needed  to 
insure  full  apprehension  and,  ultimately,  spontaneous  employment 
by  the  student.  Such  parts  as  could  not  be  treated  in  this  way, 
within  the  limits  set  by  the  plan  of  the  book,  have  been  omitted. 
Methods  materially  different  from  those  used  in  the '' Introduction" 
have  been  employed  in  presenting  many  topics.  Conspicuous 
differences  of  this  kind  will  be  noted  particularly  in  the  treatment 
of  combining  proportions,  formulse  and  equations,  molecular  and 
atomic  weights,  chemical  equilibrium,  ionic  substances  and  their 
interactions,  and  the  theory  of  precipitation. 

The  writer  desires  to  express  his  profound  gratitude  to  the  many 
chemists  who  have  made  valuable  criticisms  and  suggestions. 
Most  of  these  comments  applied  to  the  ''  Introduction  to  General 
Inorganic  Chemistry,"  but  many  of  them  have  been  used  in 
preparing  this  work  (General  Chemistry  for  Colleges),  and  all  will 
be  considered  in  the  second  edition  of  the  larger  book. 

For  critical  reading  of  the  whole  of  the  proofs  of  the  present 
work,  the  writer  desires  especially  to  thank  Messrs.  A.  T.  McLeod 
and  Alan  W.  C.  Menzies  of  the  University  of  Chicago.  Other  cor- 
rections and  suggestions  will  be  gladly  received  by  the  author. 

Alexander  SBfiTH. 

CmcAOo,  April,  1908. 
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CHAPTER  I 
ZHTBODTJOTOBY  Z 

As  human  knowledge  has  increased,  it  has  become  necessary  to 
^subdivide  into  groups  the  growing  accumulation  of  truths,  and  to 
do  this  in  a  somewhat  arbitrary  fashion.  Each  such  group  is 
called  a  science,  and  includes  a  more  or  less  distinct  body  of  knowl- 
edge. That  the  boundaries  of  these  groups  do  not  exist  in  the 
subject-matter  itself  is  seen  at  once  in  our  own  treatment  of  them. 
Thus,  for  convenience,  we  include  in  the  science  of  physiology  the 
study  of  the  way  in  which  the  parts  of  both  plants  and  animals 
perform  their  functions.  The  sciences,  therefore,  are  not  mutually 
exclusive,  and  their  boundaries  overlap  in  every  direction.  The 
difficulty  in  deciding  what  are  the  most  convenient  boundaries  is 
as  great  with  chemistry  as  with  the  other  groups.  In  particular, 
the  line  which  divides  physics  and  chemistry  from  one  another  is 
often  difficult  to  draw.  It  is  assumed,  however,  that  the  reader 
is  already  familiar  with  the  elements  of  physics,  and  so,  in  place 
of  entering  upon  an  academic  discussion  of  the  nature  of  this  line, 
we  shall  allow  its  location  to  emerge  as  we  proceed. 

The  same  principle  of  grouping  is  pursued  within  each  field. 
Thus  the  preparation  and  properties  of  chemical  compounds  is  called 
descriptive  chemistry.  Again,  the  means  that  have  been  devised 
for  recognizing  the  components  of  mixtures  or  compounds  and 
measuring  their  quantities  constitute  the  several  branches  of  analy- 
sis.   The  subdivisions  of  chemistry  of  this  kind  are  numerous. 

The  ideal  in  view  in  thus  classifying  the  content  of  a  science  is  to 
convert  it  into  an  organised  body  of  knowledge.  The  various  ways 
used  to  organize  the  facts  of  a  science  will  be  presented  in  detail  as 
opportunity  offers.  These  ways  constitute  what  is  called  the  scien- 
tific method. 
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Chemical  Bhemomema:  Their  Most  Ohviaue  Cfharader^ 
ieUe.  —  Chemistry  being  primarily  an  experimental  science,  we 
can  best  make  our  first  approach  to  it  through  the  consideration  of 
some  familiar  chemical  phenomena  which  shall  serve  as  illustrations. 

When  clean  iron  is  exposed  to  air  and  moisture  it  becomes  rusty, 
first  on  the  surface,  and  finally  throu^out  its  whole  mass.  The  iron 
with  which  we  start  is  a  dark-gray,  metallic-looking  substance,  which 
has  a  high  specific  gravity  (about  7.5),  is  ductile,  has  great  tenacity, 
and  is  readily  attracted  by  a  magnet.  Rust,  on  the  other  hand,  is  a 
reddish  or  brownish  substance  which  has  an  earthy  appearance,  is 
much  lighter  specifically  than  iron  (sp.  gr.  about  4.5),  is  brittle,  and 
is  not  attracted  by  a  magnet.  The  phenomenon  seems  to  have  con- 
sisted in  the  gradual  substitution  of  the  second  of  these  substances 
for  the  first. 

The  chemical  fact  here  is  that  iron,  when  in  contact  with  air  and 
moisture,  gives  rust.  Consideration  will  show,  however,  that  we  do 
not  perceive  this  fact  except  by  noting  the  physical  qualities  of  the 
original  and  of  the  final  materials.  The  data  describing  a  chemical 
phenomenon  consist  in  an  enumeration  of  physical  observations, 
like  the  above  physical  properties  of  iron  and  rust.  It  is,  indeed,  an 
invariable  characteristic  of  every  chemical  phenomenon  that  our 
information  is  all  derived  from  physical  study  of  the  materials. 
Thus,  when  a  candle  bums,  it  undergoes  a  chemical  change,  and  we 
observe  a  solid,  waxy  substance  disappearing  progressively  from 
view.  A  closer  study  of  the  facts  shows  that  a  mixture  of  gases  is 
rising  from  the  flame,  and  we  find  that  the  material  of  the  candle  is 
contained  in  this.  Here,  again,  we  use  physical  means  of  observa- 
tion. 

It  is  further  true  of  these,  as  of  all  chemical  phenomena,  that  the 
physical  properties  of  the  original  and  those  of  the  final  substances 
are  invariably  entirely  different.  We  observe  also  that  this  sort  of 
transformation  is  always  abrupt  As  the  change  spreads,  the  minute 
fragment  of  iron  of  one  moment  becomes  the  minute  fragment  of 
rust  of  the  next,  and  is  endowed  at  once  with  all  the  new  properties 
in  full  measure.  No  part  of  the  mass  loses  its  magnetic  qualities 
completely,  for  example,  before  it  has  reached  the  limit  of  change  in 
color  or  tenacity.  Since  we  are  compelled  to  define  the  species  of 
matter  by  their  constant  physical  properties  (see  pp.  20,  23),  the 
possession  by  two  or  more  bodies  of  permanently  diflferent  properties 
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constitutes  them  ipso/aeto  samples  of  different  materials.  We  may, 
therefore,  say,  more  briefly,  that  the  products  of  &  chemical  change 
are  recognized  at  once  to  be  new  and  different  substances. 

Thus  the  moat  obvious  characteristic  of  a  chemical  phenomenon  is: 
Uial  all  the  phj^sic&l  properties  Ot  the  sabstances  alter;  that  this  altar- 
atloQ  is  abrupt,  so  that,  in  I&ct,  the  products  an  diSerent  substances;  and 
that  the  lecognitiou  and  study  of  sacb  a  phenomenon  is  accomplished 
uitirel7  bjr  obsesrvations  ol  a  phTsical  nature.  Other  characteristics, 
less  obvious,  but  equally  constant,  will  presently  be  brought  to  light. 

The  chemical  phenomena  which  are  familiar  are  innumerable. 
The  burning  of  illuminating-gas,  the  coaguiation  of  the  white  of  an 
egg,  the  decay  of  animal  and  vegetable  matter,  the  action  of  hard 
water  on  soap,  and  the  slaking  of  quicklime,  are  examples.  The 
reader  should  analyze  these  changes,  applying  the  above  criteria, 
and  see  for  himself  why  they  are  classed  as  chemical. 

So  far  as  this  first  characteristic  is  concerned,  some  merely  physi- 

~  phenomena  will  be  recalled,  which  are  not  unlike  the  rusting  of 
I.  Thus,  when  water  is  raised  in  temperature,  its  properties  begin 
alter:  it  becomes  more  mobile,  its  specific  gravity  changes,  ite 
refracting  pwwer  for  light  is  modified,  and  so  forth.  At  first,  how- 
ever, these  changes  proceed  by  imperceptible  gradations  and  lack  the 
abruptness  of  chemical  change.  But  when  100°  C.  is  reached  the 
water  passes  into  steam,  and  the  whole  of  the  properties  of  this  gas 
are  diSerent  from  those  of  water.  Conversely,  by  cooling,  the  water 
may  be  converted  into  ice,  and  again  there  is  an  abrupt  and  profound 
change  in  properties.  On  this  account,  some  chemists  classify 
"  changes  of  state  of  aggregation  "  as  chemical  phenomena.  More 
usually,  however,  ice,  water,  and  steam  are  regarded  as  identical, 
not  different  substances. 

.Fact  and  O^teraltxaHon  or  Law.  —  If  the  preceding  section 
be  reexamined,  it  will  be  seen  that  a  number  of  facts  are  mentioned 
in  it.  We  begin  the  organization  of  knowledge  according  to  the 
scientific  method  by  trying  to  determme  the  facts.  Thus,  we  find 
ime  specimens  of  iron  are  variously  colored,  and  some  are  brittle, 
lamination  shows,  however,  that  the  former  peculiarities  are  due 
paint,  for  example,  and  the  latter  to  the  presence  of  carbon  and 
ither  foreign  materials  in  the  iron  (cast  iron).  Finally,  we  ascer- 
the  facts  that  iron  itself  Is  gray  and  tough. 
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Putting  together  a  statement  like  that  appearing  in  heavy  type 
above,  is  the  second  step.  We  examine  facts  of  a  like  kind,  or  per- 
taining to  like  phenomena,  to  see  whether  any  general  statement 
can  be  made  that  will  cover  some  feature  common  to  the  whole  of 
them.  In  the  above  illustrations,  after  settling  the  intrinsic  prop- 
erties of  several  substances,  and  then  determining  the  facts  about 
the  way  in  which  these  properties  are  affected  under  certain  circum- 
stances, we  decide  that,  when  all  the  properties  change  abruptly  in 
a  permanent  way,  the  cases  in  which  this  takes  place  shall  consti- 
tute a  distinct  class,  and  we  call  them  cases  of  chemical  change. 
The  statement  which,  in  a  few  words  or  phrases,  sums  up  those 
features  of  all  the  phenomena  of  like  kind  which  are  constant,  is 
called  a  generalization.  Often  it  is  called  a  law,  and  sometimes  a 
principle.  A  generalisation  or  law  in  chemistry,  therefore,  is  a  brief 
statement  describing  some  constant  mode  of  behavior.  The  most  im- 
portant laws,  like  that  describing  the  behavior  of  gases  when  com- 
pressed (Boyle's  law),  are  usually  connected  with  the  names  of  the 
men  by  whom  the  relationships  were  discovered  and  the  general- 
izations formulated. 

The  Explanation  of  Busting.  —  In  considering  the  complete 
disguise  which  is  assumed  by  a  substance  that  has  undergone  a 
chemical  change,  like  rusting,  the  first  question  which  arises  is:  Can 
we  in  any  way  account  for  this  great  and  permanent  change  in 
properties  which  very  generally  distinguishes  the  chemical  pheno- 
menon from  the  physical?  Some  additional  facts  will  be  required 
before  we  can  answer  this  question.  It  has  long  been  known  that 
many  metals  besides  iron  undergo  an  alteration  similar  to  rusting, 
and  that,  where  the  transformation  does  not  occur  spontaneously, 
heating  prompts  it.  The  first  fact  which  seemed  to  throw  light  on 
the  subject  was  the  observation  that  a  piece  of  metal  becomes 
heavier  when  it  rusts.  This  was  noticed  as  early  as  1630,  by  a 
French  physician,  Jean  Rey.  His  work  was  done  chiefly  with  lead 
and  tin,  the  former  of  which  gives  a  dirty  yellow,  and  the  latter,  a 
white  powder,  on  rusting.  He  inferred  correctly  from  his  experi- 
ments that  contact  with  the  air  had  something  to  do  with  this 
chemical  change.  Other  investigations  on  the  same  subject  were 
made  by  Boyle  (1627-1691),  Mayow  (1645-1679),  and  Hooke 
(1635-1703),  in  England,  and  they  led  to  the  same  conclusion.    The 
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increase  in  weight  was  to  be  accounted  for,  therefore,  by  the  suppo- 
sition that  some  material  from  the  air  had  been  added  to  the  metal 
during  the  process.  In  other  words,  iron,  for  example,  was  one 
substance  composed  of  iron  only,  and  rust  was  another  substance 
composed  of  iron  and  some  other  material  taken  from  the  atmos- 
phere; and,  the  two  substances  being  different  in  composition,  their 
properties  might  naturally  be  expected  to  differ.  The  substance 
taken  from  the  air  was  subsequently  named  oxygen. 

The  fact  that  foreign  matter  was  actually  gained  by  a  body  during 
the  process  of  rusting  was  not  generally  accepted,  however,  until  it 
was  demonstrated  anew  by  Lavoisier  (1774)  a  century  and  a  half 
later.  He  showed  that  a  portion  of  the  air  really  disappeared  when 
tin  rusted,  and  that  the  increase  in  weight  of  the  tin  corresponded 
with  the  loss  in  matter  of  the  air. 

ExplantUian  in  Science.  —  The  word  explanation,  which  was 
employed  repeatedly  in  the  last  section,  is  used  in  science  as  the 
name  of  a  definite  process.  It  stands  simply  for  a  description  in 
greater  detail.  Thus,  when,  to  the  acquaintance  with  the  outward 
manifestations  of  rusting,  we  are  able  to  add  the  further  description 
that  it  is  produced  by  the  union  of  oxygen  from  the  air  with  iron,  we 
feel  increased  satisfaction,  and  we  say  that  an  explanation  has  been 
found. 

There  is  no  such  thing  as  a  final  explanation,  however.  At  the 
very  next  step,  when  we  ask  why  the  union  of  oxygen  and  iron  pro- 
duces a  body  that  is  red  and  non-magnetic,  we  are  compelled  to  say 
we  do  not  Imow. 

An  explanation  in  science  never  professes  for  a  moment  to  give 
the  reasons  for  any  occurrence.  We  simply  do  not  know  why  be- 
havior in  nature  is  as  it  is. 

Three  Illustrative  Chemical  Phenomena.  —  Since  oxygen  is 
an  invisible  gas,  the  demonstration  that  rusting  consists  in  the  union 
of  this  gas  with  a  metal,  requires  somewhat  complicated  apparatus. 
The  next  illustration,  while  lacking  historical  interest,  is  simpler, 
because  both  substances  are  visible,  and  are  easily  handled. 

Iron  unites,  not  only  with  oxygen  from  the  air,  but  also,  with 
almost  equal  ease,  with  sulphur.  To  study  the  behavior  of  the 
materials  we  must  know  their  properties.    The  properties  of  iron 
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we  have  already  enumerated  (p.  2).  Sulphur  is  a  pale-yellow  sub- 
stance of  low  specific  gravity  (sp.  gr.  2).  It  is  easily  melted  (m.-p. 
114.5®  C),  and,  although  it  does  not  dissolve  in  water,  it  may  be 
dissolved  completely  in  carbon  disulphide.  It  crystallizes  in  rhom- 
bic forms  (fig.  1).  Now,  when  iron  filings 
and  powdered  sulphtir  are  rubbed  together 
in  a  mortar,  the  product,  although  it  has  a 
different  color  from  either  of  the  constiu- 
ents,  is  still  really  composed  of  the  two  origi- 
nal kinds  of  matter,  side  by  side.  With  the 
help  of  a  microscope  and  a  needle,  they  can 
bepicked  apart  completely.  By  manipulation 
of  the  mixture  with  a  magnet,  we  may  remove 
some  of  the  iron  without  much  difficulty. 
Again,  using  the  solubility  of  sulphur  in  carbon  disulphide  and 
the  insolubility  of  iron,  we  may  shake  a  portion  of  the  mixture 
with  this  liquid  in  a  test-tube,  and  so  dissolve  out  the  sulphur 
(Fig.  2).  When  the  contents  of  the  tube  are  poured  on  to  a  filter 
(Fig.  3),  the  liquid  (the  filtrate)  runs 
through,  canying  all  dissolved  matter 
with  it,  and  leaving  undissolved  mat- 
ter behind.  The  filtrate  may  be 
allowed  to  evaporate  (Fig.  4),  when 
yellow  crystals  of  rhombic  outline 
will  be  found  to  be  the  sole  residue. 
The  dark  material  remaining  on  the 
filter,  when  dry,  is  wholly  attracted 
by  a  magnet.  All  these  facts  con- 
vince us  that  the  properties  of  the 
components  are  still  unaltered,  and 
that,  therefore,  no  chemical  change 
has  occurred. 

If  we  now  put  some  of  the  original  mixture  into  a  test-tube  and 
warm  it,  we  soon  notice  a  rather  violent  development  of  heat  taking 
place,  the  contents  begin  to  glow,  and  what  appears  to  be  a  form  of 
combustion  spreads  through  the  mass.  The  heating  employed  at 
the  start  falls  far  short  of  accounting  for  the  much  greater  heat  pro- 
duced. When  these  phenomena  have  ceased,  and  the  test-tube  has 
been  allowed  to  cool,  we  find  that  it  now  contains  a  somewhat 
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porous-looking,  black  solid.  This  material  is  brittle;  it  is  not  mag- 
netic; it  does  not  dissolve  in  carbon  disulphide;  and  close  exami- 
nation, even  under  a  microscope,  does  not  reveal  the  presence  of 
different  kinds  of  matter.  This  substance  is  known  to  chemists  as 
ferrous  sulphide,  and, 
as  we  see,  its  properties 
are  entirely  different 
from  those  of  the  con- 
stituents. 

A  substance  formed 
in  this  way  by  the 
union  of  other  materials 
is  called  a  compoand. 
The  rusts  given  by  vari- 
ous metals  are  there- 
fore compounds  also. 

The  second  iUustration 
is  selected  on  account 
of  its  historical  interest. 
One  of  the  earliest  chem- 
ical changes  in  which  a 
gas,  recognized  to  be  distinct  from  air,  was  observed  among  the 
products,  was  noticed  by  Priestley  (1774).  The  observation  was 
made  with  mercuric  oxide,  a  bright  red,  rather  heavy  powder. 
When  this  substance  is  heated  (Fig.  5),  we  find  that  a  gas  is  given 
off,  which  is  easily  shown  to  be  different  from  air,  since  a  glowing 
splinter  of  wood  is  instantly  relighted  on  being  immersed  in  it. 
The  gas  is  pure  oxygen.*    We  notice  also  during  the  heating  that  a 

sort  of  mirror  appears  on  the 
sides  of  the  tube.     As  this 
shining    substance    accumu- 
lates it  takes  the  form  of  glob- 
ules, which  may  be  scraped 
together.    It  is,  in  fact,  the 
metal  mercury,  or  quicksilver. 
If  the  heating  continues  long  enough,  the  whole  of  the  red  powder 
eventually  disappears,  and  is  converted  into  these  products. 
The  extensive  nature  of  the  change  in  properties  in  this  case  is 

*  Air  (q.v.)  if  a  mixture  of  which  only  one-fifth  is  oxygen. 
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evident.    It  should  also  be  observed  that  continuous  heating  is 
required  to  maintain  this  change  in  operation.    It  differs  markedly 

from  the  iron  and  sulphur  case  in  this 
respect.  When  the  flame  is  removed, 
the  evolution  of  oxygen  ceases.  The 
significance  of  this  will  appear  shortly. 
The  third  and  last  example  is  taken 
purposely  in  order  to  illustrate  the 
variety  of  ways  in  which  chemical 
change  may  be  carried  out.  It  is  the 
interaction  of  silver  nitrate  and  sodium 
chloride  (common  salt).  The  substances 
may  be  recognized  by  the  form  of  the 
crystals  of  which  they  consist.  The 
latter  is  composed  of  small  cubes  (Fig. 
6),  while  the  former  presents  a  less  familiar  form  geometrically 
(Fig.  7).  Both  substances  are  capable  of  being  dissolved  in 
water  and,  for  this  experiment,  portions  of  each  substance  are 

shaken  in  separate  vessels  with 
water,   until  none  of  the  solid 
remains.  When  the  solutions  are 
now  poured  together,  we  observe 
that  the  clear  liquids  at  once  be- 
come opaque,  and  that  a  dense 
mass    of  white,   solid  material 
appears  suspended  in  the  mixture  (Fig.  8).    This  white  substance 
consists  of  an  extremely  fine  powder  without 
any  observable  crystalline  form.      We  know 
at  once  that  it  must  represent  a  new  sub- 
stance, since  it  would  not  have  appeared  had 
it  been  soluble  in  water  like  the  two  mate- 
rials from  which  it  was  made.     We  continue 
adding  the  one  liquid  gradually  to  the  other 
until  no  further  formation  of  this  solid  takes 
place,  and  then  stop.    By  filtration  (Fig.  3), 
we  obtain  the  insoluble  material  (the  precipi- 
tate)  upon  the  filter   paper,    and  the   clear 
liquid  (the  illtrata)  passes  through  and  is  caught  in  the  vessel  below. 
We  are  confronted  with  two  possibilities:  either  both  the  original 
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materials  have  come  together  to  form  one  white  insoluble  material, 
or  some  other  product  (or  products)  may  be  present  in  addition  to 
it.  In  the  latter  case,  search  must  evidently  be  made  in  the  liquid. 
By  evaporating  the^^o^  in  a  suitable  vessel  (Fig.  4),  we  find  that 
the  second  assumption  represents  the  fact,  for  a  considerable  quan- 
tity of  a  white  crystalline  substance  remains.  The  homogeneous 
character  of  this  shows  that  there  was  but  one  product  in  solution, 
while  the  same  property  of  the  precipitate  shows  that  there  are  but 
two  products  altogether. 

The  insoluble  material  is  composed  of  silver  and  chlorine,  and  it 
is  known  as  silver  chloride.  Like  some  other  compounds  of  silver, 
it  darkens  on  exposure  to  light,  turning  first  purple  and  then  brown, 
and  being  decomposed  by  this  agency  into  its  constituents.  The 
chlorine,  a  gas,  escapes,  and  a  brown  powder  consisting  of  finely 
divided  silver  remains.  The  soluble  solid 
obtained  from  the  filtrate,  we  recognize  as 
identical  with  a  mineral,  sodium  nitrate, 
which  is  found  in  Peru.  Its  crystals  are 
rhombohedral  (Fig.  9).  They  resemble  cubes 
which  have  been  slightly  distorted  by  pressing 
inwards  two  opposite  comers.  This  change 
presents  several  features  which  distinguish  it  from  the  previous 
ones:  it  is  much  more  complex;  it  takes  place  in  the  presence  of 
water;  it  requires  no  heating  for  its  promotion;  and  the  change  is 
complete  the  instant  the  materials  have  been  mixed,  while  the 
others  required  a  good  deal  of  time  for  their  accomplishment. 

TFie  Kinds  of  Chetnical  Change.  —  Having  these  three  cases 
before  us,  —  and  they  are  types  of  most  chemical  phenomena,  —  we 
now  proceed  to  analyze  them,  and  so  take  another  step  towards 
explaining  (i.e.,  describing  in  detail)  the  nature  of  a  chemical  phe- 
nomenon. In  the  iron  and  sulphur  experiment  (p.  6),  two  mate- 
rials were  used,  and  a  diflferent  one  with  new  properties  was 
produced.  Here,  in  chemical  language,  the  first  two  substances 
united  or  underwent  combination:* 

Iron  +  Sulphur  gave  Ferrous  sulphide. 

The  rusting  of  iron,  lead,  and  tin  belongs  also  to  this  class.    In  the 
second  illustration  (p.  7),  one  material  was  used,  and  it  was  driven 

*  The  word  mixed  is  used  only  of  substances  which  are  mingled,  physically, 
and  not  combined. 
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apart  by  heating  so  that  two  new  ones  arose.    A  chemical  i^eno- 
menon  of  this  kind  is  called  a  decomiKNiition: 

Mercuric  oxide  gave  Mercury  -h  Oxygpn. 

The  last  was  the  most  complex.  The  substances,  with  the  constit- 
uents of  each,  were  as  follows: 

Silver  nitrate  +  Sodium  Chloride  gave  Silver  Chloride  +  Sodium  nitrate. 

(Silver,  nitrogen,  oxygen)  (Sodium,  chlorine)  (Silver,  chlorine)  (Sodium,  nitrocen,  ozygen) 

Here  the  constituents  of  both  the  ingredients  became  separated 
(decomposition),  and  the  products  of  decomposition  mated  them- 
selves differently  (combination).  Thus,  for  example,  the  silver  of 
one  ingredient  combined  with  the  chlorine  of  the  other.  A  third 
variety  of  chemical  change  consists,  therefore,  in  the  concnmnca  ol 
both  of  the  first  two  kinds  in  the  same  action.  As  several  different 
varieties  of  this  sort  of  complex  redistribution  of  material  can  be 
distinguished,  a  distinct  name  is  given  to  each.  The  present  is 
called  a  doable  decomposition. 

When  we  encounter  other  chemical  changes,  we  shall  find  the 
extent  of  the  stride  we  have  taken  in  this  critical  analysis  of  a  few 
examples.  It  will  then  appear  that  there  are  only  a  few  changes 
which  cannot  be  placed  in  one  of  these  three  categories,  and  these 
all  belong  to  a  fourth  class.  It  occasionally  happens,  especially  in 
the  case  of  compoimds  of  carbon,  that  one  single  kind  of  material 
turns  into  another  single  kind  of  material.  Nothing  is  added  and 
nothing  removed,  yet  the  new  substance  has  different  properties  in 
every  respect  from  the  old.  Most  of  those  substances  whose 
transformation  is  definitely  assigned  to  this  class  contain  several 
constituents.  Now,  we  have  seen  that  when  substances  have  dif- 
ferent properties  they  differ  also  in  their  constituent  materials. 
Carrying  out  this  idea,  the  hypothesis  (or  suggestion)  has  been  made 
that,  since  here  also  the  properties  change,  there  must  be  some  read- 
justment of  the  material,  even  in  cases  like  this.  Hence,  we  desig- 
nate changes  of  this  kind  internal  rearrangements.  The  composition 
of  the  material  is  unaltered,  so  we  suppose  its  constitution  to  have 
become  different.  If  the  chemists  ever  decide  to  regard  the  change 
of  water  into  ice  or  steam  as  a  chemical  phenomenon,  all  changes 
of  state  of  aggregation  would  be  placed  in  this  fourth  class.  It  is 
here  only  that  the  boundary  between  physics  and  chemistry  is  at 
present  difficult  to  define. 
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I[  The  Second  Characteristic  of  Chetnical  Phenomena.  —  We 
be  now  able  to  make  another  generatizatioo  (or  condensed  state- 
ment of  fact) :  Id  chemical  phsnomena  labsUiicBB  enlea  into  combiiu- 
tlon.  coma  out  ol  eombiD&Uoii,  or  cbvigB  their  aflsociates  In  combmation 
or  their  slate  in  the  compound.  In  other  words,  the  material  changH 
ita  composition  or  ita  constitution. 

Thia  generalization  furnishes  an  explanation  of  the  former  (p.  3) 
to  a  certain  extent.  Each  individual  substance  has  its  own  compo- 
eitioa  and  its  own  set  of  physical  properties.  Hence,  when,  by 
cbemical  traneforniation,  substance  of  new  and  different  composi- 
tion are  produced,  the  materials  must  simultaneousiy  acquire  the 
specific  properties  ot  the  new  substances. 

A  l^hemical  phenomenon  la  named  an  action  or  (nteracUon.  It  is 
alao  often  called  a  chemical  reaction.  Thus,  we  say  that  four 
claaaes  of  reaciions  have  been  described  above. 

Summartf.  —  Thus  far,  we  have  learned  that  chemistry  deals 
with  the  changes  in  composition  and  constitution  which  substances 
undergo,  and  with  the  alteration  in  properties  which  accompanies 
and  ^ves  evidence  of  those  changes. 

Exereiaea.  —  1.  Take  one  by  one  the  words  or  phrases  printed 
in  black  type  and  the  titles  of  the  sections  in  thia  chapter,  and  en- 
deavor to  recollect  what  you  have  read  about  each.  In  each  case 
try,  (a)  to  recall  the  meaning  and  to  state  it  in  your  own  words; 
(6)  to  recall  the  facts  associated  with,  and  the  reasoning  which  led 
up  to  the  point  in  question;  (c)  to  recall  examples  illustrating  the 
conception  and  to  apply  the  conception  in  detail  to  each  example. 
Whenever  memory  fails  to  pve  a  perfectly  clear  report  of  the  mat- 
ter in  hand,  the  text  must  be  read  and  reread  until  the  essential 
point  can  be  repeated  from  memory. 

Use  the  same  method  in  all  future  chapters,  A  useful  practice  is 
to  employ  a  pencil  as  you  read  and  to  underline  systematically  all 
the  important  facts  and  statements,  and  then  to  go  back  and  apply 
to  each  marked  place  the  process  described  above, 

2.  Define  the  following  and  slate  how  each  is  measured:  specific 
gravity,  ductility,  tenacity,  brittleneas. 

3.  Take  the  chemical  phenomena  mentioned  on  p.  3,  par.  2,  and 
enumerate  the  ph>-sjcal  properties  of  the  substances  before  and 
after  the  chemical  change. 

4.  Define  and  illustrate:  filtrate,  mixttu^,  compouod,  precipitate. 


CHAPTER  II 

nrrBODUOTOBY  n 

If  we  now  return  to  the  three  illustrations  of  chemical  phenomena 
which  we  have  been  studying  (pp.  5-9),  we  shall  find  a  new 
question  arising  naturally  out  oif  them.  This  is,  whether  the 
mass  of  the  materials  is  altered,  as  are  the  other  attributes,  in 
these  chemical  changes. 

Third  Chamcteristic  of  Chemical  Phenomena:  Conser^ 
ration  of  Mass*  —  The  most  painstaking  chemical  work  seems  to 
show  that,  if  all  the  substances  concerned  in  the  chemical  change 
are  weighed  before  and  after  the  change,  there  is  no  evidence  of  any 
alteration  in  the  quantity  of  matter.  The  two  weights,  represent- 
ing the  sums  of  the  constituents  and  of  the  products  respectively, 
are,  indeed,  never  absolutely  identical,  but  the  more  careful  the 
work  and  the  more  delicate  the  instrument  used  in  weighing,  the 
more  nearly  do  the  values  approach  identity.  We  are  able  to 
state,  therefore,  as  a  third  characteristic  of  all  chemical  phenomena, 
that  the  maM  of  a  Bystem  is  not  affected  by  any  chemical  change  within 
the  Bystem. 

This  statement  simply  means  that  the  great  law  of  the  conserva- 
tion of  mass  holds  true  in  chemistry  as  it  does  in  physics.  Chemi- 
cal changes,  thoroughgoing  as  they  are  in  respect  to  all  other  prop- 
erties, do  not  affect  the  mass;  an  element  carries  with  it  its  weight, 
entirely  unchanged,  through  the  most  complicated  chemical  trans- 
formations.   This  is  the  only  attribute  which  persists. 

Superficial  observation,  as  of  a  growing  tree,  might  seem  to  give 
evidence  of  the  very  opposite  of  conservation  of  matter.  But  here 
the  carbon  dioxide  gas  in  the  air,  the  most  important  source  of 
nourishment  for  plants,  is  overlooked.  Similarly  the  gradual  dis- 
appearance of  a  candle  by  combustion  seems  to  illustrate  the 
destruction  of  matter.  But  if  we  catch  the  gases  which  rise  through 
the  Same,  we  find  that  the  gases  weigh  even  more  than  the  part  of 
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the  candle  which  has  been  sacrificed  in  making  them.  When  we 
take  account  of  the  weight  of  the  oxygen  obtained  from  the  air 
which  sustains  the  combustion,  we  find  that  there  is  really  neither 
loss  nor  gain  in  weight.  If  we  carry  out  chemical  changes  in  closed 
vessels,  which  permit  neither  escape  nor  access  of  material,  we  find 
that  the  weight  does  not  alter. 

Physical  Accompaniments  of  Chemical  Change.  —  Study 
of  the  three  typical  chemical  changes  described  in  the  last  chapter 
may  now  be  resumed,  in  order  to  see  whether  anything  further  of  a 
general  nature  is  characteristic  of  such  phenomena.  We  recall  at 
once  that  a  prominent  feature  of  the  union  of  iron  and  sulphur  was 
the  heat  which,  as  shown  by  the  glow  spreading  through  the  mass, 
seemed  to  be  developed  after  the  action  was  once  started.  It  is 
found  that  many  chemical  changes  are  like  this  one,  in  exhibiting 
simultaneously  the  production  of  very  perceptible  amounts  of  heat. 
On  the  other  hand,  the  decomposition  of  mercuric  oxide,  as  was 
pointed  out  (p.  8),  owed  its  continuance  to  the  persistent  applica- 
tion of  heat,  and  ceased  so  soon  as  the  source  of  heat  was  with- 
drawn. Here,  apparently,  heat  was  consumed  during  the  progress 
of  the  change,  and  the  chemical  action  was  limited  by  the  amount  of 
heat  supplied.  The  production  or  consumption  of  heat  may,  there- 
fore, be  a  feature  of  chemical  change. 

In  the  iron  and  sulphur  case,  as  in  other  chemical  actions  where 
the  heat  developed  is  great,  light  also  was  given  out.  In  the  last  of 
the  three  actions,  on  the  other  hand,  we  obtained  a  substance  (silver 
chloride),  which  may  be  kept  for  any  length  of  time  in  the  dark, 
but,  by  the  action  of  sunlight  is  broken  up  into  its  constituents 
(p.  9).  It  would  appear,  therefore,  that  light  may  be  given  out  or 
used  in  connection  with  chemical  change.  Noting  these  facts  stim- 
ulates us  to  look  for  other  similar  accompaniments  of  change  in 
composition. 

If  we  dip  two  wires  from  a  battery  or  dynamo  into  a  solution  of 
nitrate  of  silver  (Fig.  10),  such  as  was  used  in  the  third  experiment, 
we  observe  the  instant  production  of  a  coating  of  silver  on  the  nega- 
tive wire.  By  preparing  the  solution  properly  and  allowing  the 
electricity  to  flow  through  it  for  a  sufficient  length  of  time,  all  of  the 
compound  can  be  decomposed  and  all  its  silver  deposited.  It  is 
needless  to  say  that  this  release  of  the  silver  from  chemical  combina- 
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tion,  and  libersUon  of  the  metal  at  the  electrode,  goes  on  only  bo 
toDg  as  the  current  of  electricity  is  employed,  and  that  electricity  is 
consumed  in  the  pm- 
cess.  Very  many  sub- 
stances can  be  decom- 
posed in  this  way. 

The  inverse  of  this 
is  likewise  familiar.  If 
we  place  in  dilute  sul- 
phuric acid  a  stick  of 
the  metal  zinc,  we  find 
that  a  gas  is  pven  off 
rapidly  (Fig.  11),  that 
the  zinc  gradually  dis- 
solves, and  that  a  large 
amount  of  heat  is  de- 
veloped. Under  favor- 
able circumstances,  the 
liquid  may  even  rise  spontaneously  to  the  boiling-point.  This  form 
of  the  action  produces  heat.  If,  however,  we  attach  the  same  stick 
of  zinc  to  a  copper  wire,  and,  having  pro- 
vided a  plate  of  platinum  also  connected 
with  a  wire,  immerse  the  two  simultaneously 
in  the  acid  (Fig.  12),  then  a  galvanometer, 
with  which  the  wires  are  connected,  shows 
at  once  the  passage  of  a  current  of  electricity 
round  the  circuit.  Exactly  the  same  chemical 
change  goes  on  as  before.  The  sole  difference 
is  that  the  gas  appears  to  arise  from  the 
surface  of  the  platinum.  It  is  easy  to  show, 
however,  that  the  platinum  by  itself  is  not 
acted  upon  by  dilute  acids,  and,  in  this  case, 
undergoes  no  change  whatever;  it  serves 
simply  as  a  suitable  conductor  for  the  elec- 
tricity. Here,  then,  in  place  of  the  heat 
whicb  the  first  plan  produced,  we  get  elec- 
tricity. The  arrangement  is,  in  fact,  a  '""  " 
battery-cell,  for  a  battery  is  a  system  in  which  a  chemical  action 
which  would  otherwise  give  heat  furnishes  electricity  instead.    Thus, 


INTBODOCTOBr  H 


16 


alaoWoitgr  suy  ba  eonEomed  m  pcodnecd  in  connection  with  a  change 
in  composition. 

Even  violent  rubbing  in  a  mortar,  in  the  case  of  some  substances, 
can  effect  an  appreciable  amount  of  decomposition  in  a  few  minutes. 
In  this  way  silver  chloride  can  be  separated  into  silver  and  chlorine, 
just  as  by  ligtit.  It  is  the  mBchanlcal  energy  which  is  the  agent,  and 
part  of  it  is  consumed  in  producing  the  change,  and  only  the  balance 


appears  as  heat.  Conversely,  the  production  of  mechanical  enei^,  as 
the  result  of  chemical  change,  is  seen  in  the  behavior  of  explosives 
and  in  the  working  of  our  muscles.  Thus,  mechanfcal  enaigy  auiy  bs 
naed  up  or  prodncod  in  chemical  changes. 

Summing  up  our  experience,  we  may  state  that  no  change  in  com- 
podtion  occurs  without  some  accompaniments,  such  as  the  produc- 
tion or  consumption  of  beat,  light,  electricity,  or,  in  some  cases, 
mechanical  energy. 

ChuHftcaHon  of  the  AceompantmetUe  of  Change  in  Com- 
poaUton:  Enorm/-  —  The  problem  of  classifytng  (t.e.,  placing  in  a 
suitable  category)  things  like  heat,  light,  and  electricity  has  occu- 
pied  much  attention.  They  do  not  possess  mass.  In  all  changes  in 
composition,  one  of  these  natural  accompaniments  is  given  out  or 
absorbed,  sometimes  in  great  amount,  yet,  in  none  is  any  alteration 
in  weight  observed.    There  are  many  things  which  are  real,  how- 
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^\vi> .  ^\vi^  ^  vH>  ^tM  ^^  ^lUliN'led  by  gravitation.    In  the  preaeot 

\  ^  .s>^  ^T^  ^(K'^^'ii^  ^  v^d^«^)l  from  a  brick  at  rest.  The  former 
x^!^^.  x'K'^  >»,snN/  ^Kf^i^  9i^l  it^^  Ultw  cannot  Furthermore,  we  ctn 
vv«> v^N  >^i  vv^  4  ^CMtj^'^XN^  iti  vHir  luimisK.  The  brick  can  be  deprived  of 
t  N^  '^"^  s'ift^^  v^^  V  ^f^^'^xfe^i  >^  iih  ii  a^f^ain.  Thus,  we  can  get  the  idea 
,s  wvs^,  ssiK,  ^v  j^  ^^v^tAiV'  s\Niuvt^lk>n.  Similarly,  we  observe  that  t 
,ssvv  .s  »;NV<^  N,s>Ki^>vcfc  o>,;J!v<y«vi^Y  when  hot,  and  when  cx)ld,  iriien 
;s\%  »*^>i  ^  wv'N^!*^^  s^?  <AN'^rH^l\\  ami  when  bearing  none.  We  oon- 
>s^\v  1 V'^  x^;  ^V  ivivk  xvr  iW  ir\>»x  as  having  a  certain  amount  and 

V  •  ,\  >^  ts^^i  AV  \x\^>h  V4  un;Uiifsir;ihle«  and  as  having  motion,  heat,  or 
x^\s  K  »>'(>  '^xif.^isJ  h^  ihw  v>r  renKwtsi,  ITxus,  we  describe  our  obaer- 
^-*^^^:^^  i\\  \w.Vv|fc  uvv>  ON^tt^xTi^B^  one  i>f  which  includes  the  various 

V  jS"jx  >Nt  WM^l^i.  A^^$  Tho  other,  varivnis  things  whose  association  with 
w^^Msv.  ^\N:\vi  \o  5v  iuvaiiable  and  is  often  si>  conspicuous. 

V>  'A^^5  ^v,<ht,  tht>se  aooimipaniments  of  matter  seem  to  be  quite 
\u\>NV^*\>sJ.     Uut  a  relation  between  them  oan  l>e  found.    If  the  heat 

of  a  Bunsen  thune  or  of  the  sun  is 
brought  umler  n  hot-^iir  motor  (Fig.  13) 
violent  motion  rt^ultA  Again,  if  the 
motor  is  connected  with  a  dynamo, 
electricity  may  be  generated.  Still 
again,  if  the  current  flows  through  an 
incandescent  lamp,  heat  and  light  are 
evolved.  Conversely,  when  motion  is 
impeded  by  a  brake,  heat  appears. 
When  a  current  of  electricity  is  run 
through  the  dynamo,  motion  results. 
But  the  most  significant  facts  are  still 
to  be  mentioned.  The  heat  absorbed 
by  the  motor  is  found  to  be  greater 
when  the  machine  is  permitted  to 
move  and  do  work,  than  when  it  is 
hot*  *rh\u«»  it  in  found  that  when  work  is  done  some  heat  dis- 
aiHHUUH,  ami  this  heat  is,  in  fact,  transformed  into  work.  Similarly, 
\i\\^\\  tht*  iH>lt«  of  tlie  dynamo  are  properly  connected  and  electricity 
U  Inking  prtHluctnl,  and  only  then,  motion  is  used  up.  This  is  shown 
by  tho  effort  nnjuireii  to  turn  the  armature  under  these  circum- 
ntuniHMii  and  the  ease  with  which  it  is  turned  when  the  circuit  is 
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open.  So,  with  a  conductor  like  the  filament  in  the  lamp,  imless  it 
offers  resistance  to  the  current  and  destroys  a  sufficient  amount 
of  electricity,  it  gives  out  neither  light  nor  heat.  Finally,  motion 
gives  no  heat  unless  the  brake  is  set,  and  effort  is  then  demanded 
to  maintain  the  motion.  These  experiences  lead  us  to  believe  that 
we  have  here  a  set  of  things  which  are  fundamentally  of  the  same 
kind,  for  each  form  can  be  made  from  any  of  the  others.  We  have, 
therefore,  invented  the  conception  of  a  single  thing,  of  which  heat, 
light,  electricity,  and  motion  are  forms,  and  to  it  we  give  the  name 
energy:  energy  is  work  and  every  other  thing  which  can  arise  from 
work  and  be  converted  into  work  (Ostwald). 

Closer  study  shows  that  equal  amounts  of  electrical  or  mechanical 
energy  always  produce  equd  amounts  of  heat.  There  is  never  ob- 
served any  loss  in  any  of  the  transformations  of  energy  any  more 
than  in  the  transformations  of  matter.  Hence,  J,  R.  Mayer  (1842), 
Colding  (1843),  and  Helmholtz  (1847)  were  led  independently  to  the 
conclusion  that  in  a  limited  system  no  gain  or  losa  of  energy  is  ever 
observed.  This  brief  statement  of  the  results  of  many  experiments 
is  called  the  law  of  the  conservation  of  energy. 

ApplicaHon  of  the  Conception  of  Energy  in  Chemistry u  —  At 

first  sight  it  looks  as  if  the  statement  that  energy  is  conserved  is  not 
applicable  in  chemistry.  Heat  and  electricity,  for  example,  seem  to 
be  produced  and  consumed,  in  connection  with  changes  in  composi- 
tion, in  a  mysterious  manner.  We  trace  light  in  an  incandescent 
lamp  back  to  the  electricity,  and  this  in  turn  to  the  mechanical 
energy,  and  this  again  to  the  heat  in  the  engine.  But  what  form  of 
energy  gave  the  heat  developed  by  the  combustion  of  the  coal  under 
the  boiler,  or  by  the  union  of  iron  and  sulphur  in  our  first  experiment? 
Since  we  do  not  perceive  any  electricity,  light,  heat,  or  motion,  in  the 
original  materials,  and  yet  wish  to  create  an  harmonious  system,  we 
are  bound  to  conceive  of  the  iron  and  the  sulphur,  and  the  coal  and 
the  air,  as  containing  another  form  of  energy,  which  we  call  internal 
energy.  Similarly,  when  heat  is  used  up  in  decomposing  mercuric 
oxide,  or  light  in  decomposing  silver  chloride,  we  regard  the  energy  as 
being  stored  in  the  products  of  decomposition  in  the  form  of  internal 
energy. 

These  conclusions  compel  us,  for  the  sake  of  consistency,  to  think 
of  all  our  materials  as  repositories  of  energy  as  well  as  of  matter, 
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each  of  these  constituents  being  equally  real  and  equaOy  important 
A  piece  of  the  substance  known  as  ''  iron  "  must  thus  be  held  to 
contain  so  much  iron  matter  and  so  much  internal  energy.  So 
ferrous  sulphide  contains  sulphur  matter,  iron  matter,  and  internal 
energy.  Thus,  by  a  substance  we  mean  a  distinct  species  of  matter, 
simple  or  compound,  with  its  appropriate  proportion  of  internal 
energy. 

In  the  course  of  this  discussion  it  has  become  clear  that  a  foortti 
characteristic  of  chemical  phenomena  is  that,  besides  a  change  in  the 
state  of  the  moMer,  there  is  always  an  alteration  in  the  amount  of  Intw  ml 
energy  in  the  system.  This  alteration  consists  in  the  production  of  tnter- 
nal  energy  from,  or  the  transformation  of  internal  energy  into,  an  e<ioiTa- 
lent  amount  of  some  other  form  of  energy. 

The  absorption  or  liberation  of  energy  accompanying  a  chemical 
transformation  of  matter  is  often,  of  the  two,  the  more  important 
feature.  We  do  not  burn  coal  in  order  to  manufacture  carbon 
dioxide  gas.  We  are  glad  to  get  rid  of  the  material  product  through 
the  chimney.  It  is  the  heat  we  want.  We  do  not  employ  zinc  in 
batteries  with  the  object  of  making  zinc  chloride  or  zinc  sulphate. 
So  we  use  the  electrical  energy,  and  throw  the  material  products 
away  when  we  refill  the  jars.  It  is  the  same  with  burning  illumi- 
nating-gas or  magnesium  powder  when  we  want  light,  and  with 
eating  food,  which  we  do,  chiefly,  to  get  energy  to  sustain  our 
activity.  We  do  not  run  electricity  for  hours  into  a  storage  battery 
in  order  to  make  a  particular  compound  (lead  dioxide,  for  example), 
but  in  order  to  save  and  store  the  energy  for  future  use.  In  industry 
and  life  fully  half  the  total  amount  of  chemical  change  involved  is 
set  in  motion  by  us,  solely  on  account  of  the  energy  changes  it 
involves.  But  the  production  of  energy  in  chemical  change  is  not 
only  thus  of  practical  importance;  it  is  also  of  scientific  interest,  as 
will  be  seen  in  the  next  section. 

Chemical  Activity.  —  Other  things  being  equal,  actions  in  which 
there  is  a  relatively  large  loss  of  internal  energy  proceed  rapidly; 
that  is  to  say,  in  them  a  large  proportion  of  the  material  is  changed 
in  the  unit  of  time.  Those  in  which  less  energy  is  transformed 
proceed  more  slowly.  The  speed  of  the  chemical  change,  and  the 
quantity  of  energy  available  because  of  it,  are  closely  related.  Now, 
we  are  accustomed  to  speak  of  materials  which,  like  iron  and  sulphur, 
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interact  rapidly  and  with  liberation  of  much  energy  as  "  chemically 
active."  Thus.  roUtlva  chemical  utlvltf  may  be  estimated,  (1)  by 
observing  the  speed  of  a  change  (see  Speed  of  chenucal  actions),  or, 
ia  many  oases  (2)  by  measuring  tlie  heat  developed  (see  Thermo- 
chemistrj'),  or  (3)  by  ascert^ning  the  electro  dig  tive  force  of  the 
^current  the  change  gives,  when  arranged  in  the  form  of  a  battery- 

^B  It  is  evident  that  the  chemical  activity  of  a  given  substance  will 
^Bot  be  the  same  towards  all  others.  Thus,  iron  unites  much  more 
vip)rously  with  chlorine  than  with  sulphur,  and,  with  identical 
amounts  of  iron,  more  heat  is  Ulcerated  in  the  former  case  than  in  the 
latter.  With  silver,  sodium,  and  many  other  substances,  iron  does 
not  unite  at  all.  One  of  the  tasks  of  the  chemist  is  to  make  such 
comparisons  as  this  (see  Specific  chemical  properties).  Evidently, 
the  substances  containing  the  most  chemical  energy  will  be  in  gen- 
^nral  the  most  active. 

^V  The  "  Cauae  "  of  Chemical  ActlvUy.  —  The  reader  will  un- 
^aoubtedly  lie  inclined  to  inquire  whether  we  can  assign  any  cause  for 
the  tendency  which  substances  have  to  undergo  chemical  change. 
Why  do  iron  and  sulphur  unite  to  form  ferrous  sulphide,  while  other 
pairs  of  elements  taken  at  random  will  frequently  be  found  to  have 
no  effect  upon  one  another  under  any  circumstances?  The  answer 
is  that  we  do  not  know.  Questions  like  this  have  to  go  without 
answer  in  .ill  sciences.  What  is  the  cause  of  gravitation?  We  know 
the  facta  which  are  a-ssociated  with  the  word  —  the  fact  that  bodies 
fall  towards  the  earth,  for  example  —  but  why  they  fall  we  are 
unable  to  say.  So.  with  chemical  change,  we  can  state  all  the  facts 
we  know  about  it.  bul.  even  then  we  cannot  say  iMy  it  takes  place. 
The  word  canu  was  employed  in  the  heading  of  this  section,  and 
it  will  be  observed  that  no  cause  was  found.  This  is  the  invariable 
rule  in  physical  or  chemical  phenomena.  We  know  of  no  causes,  in 
the  sense  in  which  the  word  is  commonly  employed. 

The  word  cause  has  only  one  definite  use  in  science.  When  we 
find  that  thorough  incorporation  of  the  three  materials  is  needed  to 
aeoure  good  gunpowder,  we  say  that  the  intimate  mixing  is  a  cause 
of  its  being  highly  explosive.  By  this  we  simply  mean  that  intimate 
mixture  is  a  neceaaar]!  anUcedenl  of  the  result.  A  gboh  is  »  condition 
or  oeoumnM  which  alwajr*  pr«cad«s  anotlMT  condltioo  or  oocnrronco. 
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Of  JBlementB  and  of  Sifnpie  and  Cofnpaund  Subgtaneesm  — 

If  we  place  before  a  physicist  samples  of  iron,  ferrous  sulphide,  and 
sulphur,  he  will  report  that  there  are  three  absolutely  distinct  «ufr- 
ttances  represented,  because  they  show  three  different  sets  of  physical 
properties.  A  chemist,  on  the  other  hand,  while  admitting  the 
accuracy  of  the  report,  in  view  of  the  criterion  used  by  the  physicist, 
which  indeed  he  uses  himself  (c/.  pp.  2-3),  will  insist  on  adding  that 
there  are  only  two  perfectly  distinct  kinds  of  matter  in  the  set, 
because  he  can  make  the  second  from  matter  furnished  by  the  other 
two.  In  a  sense,  chemistry  reduces  the  kinds  of  different  matter  to 
a  much  smaller  number  than  does  physics  or  any  of  the  other  sciences, 
and  so  it  is  the  final  authority  in  all  questions  involving  matter.  By 
the  chemist,  dozens  of  physically  distinct  substances  are  regarded  as 
closely  related  because  they  all  can  be  made  with  iron,  or  when 
decomposed  give  it;  hundreds  are  alike  in  that  sulphur  enters  into 
their  composition;  thousands  are  compounds  of  oxygen.  In  fact, 
the  number  of  kinds  of  matter  which  are  perfectly  distinct  in  the 
strictly  chemical  point  of  view  is  quite  limited. 

The  first  to  put  our  modem  view  into  definite  language  was 
Lavoisier  in  his  TraiU  de  Chimie  (1789).  His  work  showed  that 
decomposition  had  its  limits.  Mercuric  oxide  could  be  decomposed 
into  mercury  and  oxygen,  but  no  means  was  found  of  breaking  these 
up  in  turn  and  producing  any  fresh  substances  from  them.  The 
kinds  of  matter  composing  these  simple  materials  he  named  elemanta. 
The  element  is  to  be  regarded  as  an  ultimate  chemical  individual 
just  as  the  substance  is  the  physical  individual.  The  definition  of 
an  element  is  therefore:  a  distinct  species  of  matter  which  has  not 
been  shown  to  be  composite. 

The  caution  which  prompted  Lavoisier  to  use,  as  he  did,  the  words 
"  has  not  yet  been,"  was  justified  by  the  fact  that  several  substances, 
in  his  time  regarded  as  elementary,  were  afterwards  shown  to  be 
compound.  Thus,  quicklime  was  a  simple  substance  until  Davy, 
in  1808,  prepared  the  metal  calcium  and  showed  that  quicklime  was 
a  compound  of  this  metal  with  oxygen.  Discoveries  similar  to  this 
have  been  made  on  more  than  one  occasion  since. 

Until  recently,  a  body  made  up  of  one  or  more  specific  elements 
had  never  been  found  to  yield  any  simple  substance  different  from 
those  used  in  preparing  it.  In  other  words,  one  element  had  never 
been  turned  into  another.    The  production  of  helium,  neon,  and 
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argon  by  the  spontaneous  decomposition  of  the  radium  (q.v.)  emana- 
tion, and  the  formation  of  traces  of  lithium  from  copper  sulphate, 
both  observed  recently  (1907)  by  Sir  William  Ramsay,  may  lead, 
however,  to  a  revision  of  the  conception  of  an  element. 

We  have  seen  (p.  18)  that  all  substances,  that  is,  physical  indi- 
viduals, must  be  thought  of  as  containing  matter  and  energy.  We 
have  now  learned  that  there  are  two  kinds  of  substances,  namely, 
compound  BubstAnces  which  contain  two  or  more  elements  together  with 
the  appropriate  amount  of  energy,  and  simple  substanceB  which  contain 
only  one  element  together  with  a  certain  quantity  of  energy.  Among 
the  substances  which  we  have  been  handling,  iron,  sulphur,  mercury, 
oxygen,  and  hydrogen  are  simple  substances.  On  the  other  hand, 
the  substances  which  we  have  shown  to  be  composite  are  ferrous 
sulphide,  rust,  mercuric  oxide,  silver  nitrate,  and  common  salt.  It 
will  be  seen  that  by  combination  of  a  limited  number  of  elements, 
two,  three,  or  four  together,  in  varying  proportions,  all  the  known 
distinct  substances  might  easily  be  accounted  for.  The  list  of  ele« 
ments  whose  individuality  has  been  established  appears  upon  the 
inside  of  the  cover,  at  the  end  of  this  book;  of  these  the  larger  number 
are  not  frequently  encountered.  More  than  99  per  cent  of  terrestrial 
material  is  made  up  of  eighteen  or  twenty  elements,  of  which  the 
quantities  of  the  first  eleven,  as  estimated  by  F.  W.  Clarke,  are  given 
in  the  following  table: 

Oxygen     ....  49.98  Calcium 3.51  Hydrogen  ....  0.94 

Silicon 25.30  Magnesium     .    .    .  2.50  Titanium    ....  0.30 

Ainminiiim  .    .    .  7.26  Sodium 2.28  Carbon    ....    .  0.21 

Iron 5.08  Potassium  ....  2.23  99.61 

The  evidence  of  the  spectroscope  shows  that  the  sun  and  stars 
contain  many  of  the  very  same  elements  as  does  the  earth. 

Some  of  the  Fundamental  Ideas  used  by  Chemists  and  the 
Corresponding  Terms*  —  To  .  the  chemist  it  is  above  all  im- 
portant that  he  should  be  able  to  set  forth  in  unambiguous  terms 
the  phenomena  he  observes  and  the  inferences  he  draws.  To  do 
this  he  requires  some  fundamental  ideas  described  by  suitable 
words.  Many  of  these  ideas  and  terms  we  have  been  employing  in 
order  to  accustom  the  reader  to  their  use.  It  is  now  advisable  to 
take  them  up  more  systematically. 
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Any  particular  specimen  of  matter,  such  as  a  piece  of  sulphur,  a 
portion  of  water,  a  piece  of  ferrous  sulphide,  a  fragment  of  granite,  or 
some  nitrate  of  silver  solution,  we  call  a  body.  There  are  thus  as 
many  bodies  as  there  are  discrete  portions  of  matter.  A  body  may 
be  heterogeneous,  or  made  up  of  visibly  imlike  parts,  as  granite 
and  a  mixture  of  iron  powder  and  sulphur  are;  or  it  may  be  hemoge- 
neons,  or  alike  in  all  parts,  as  are  pieces  of  sulphur  and  ferrous  sul- 
phide and  portions  of  water  and  silver  nitrate  solution. 

Examination  of  these  homogeneous  bodies  shows  that  the  sulphur, 
ferrous  sulphide,  and  water  differ  from  the  nitrate  of  silver  solution 
in  having  but  one  phsrsical  component,  while  the  last  contains  two 
components,  nitrate  of  silver  and  water,  separable  by  physical 
means.  The  last  is  like  a  mixture,  only  it  is  homogeneous.  Again, 
the  sulphur,  ferrous  sulphide,  and  water  dififer  amongst  themselves, 
the  first  being  a  simple  body,  with  one  chemical  constitaent,  and  the 
two  others  being  compounds  having  each  two  chemical  constituents. 
We  speak  of  the  components  of  a  mixtm^  or  a  solution  because  the 
parts  are  laid  together  and  retain  in  the  former  case  all,  and  in  the 
latter  much,  of  their  identity.  But  of  the  materials  in  a  chemical 
compoimd  we  use  the  word  constituents  because  the  parts  are  built 
into  each  other  and  have  lost  their  identity.  This  distinction  is  very 
important.  Unless  it  is  understood,  we  cannot  ourselves  clearly 
describe  a  given  body,  or  understand  the  description  when  given 
by  someone  else.  When  we  state  the  result  of  our  study  of  a  body, 
as,  for  example,  some  liquid  or  solid  in  a  test  tube,  we  always  give, 
first,  the  physical  components.  Thus  we  might  say  the  material  was 
composed  of  common  salt  in  solution  in  water,  or  of  a  mixture  of 
sand  and  sugar.  Usually  this  is  all  the  information  that  is  needed, 
since  the  nature  of  the  components  named  is  presumably  known. 
If,  however,  more  information  is  demanded,  then  we  proceed,  next, 
to  name  the  chemical  constituents  of  each  of  the  components.  Thus, 
we  might  add  that  sodium  and  chlorine  are  the  constituents  of 
the  salt.  But  we  never  reverse  the  order  and  give  the  constituents 
first,  for,  if  we  did,  a  chemist  would  understand  us  to  mean  that 
metallic  sodium  and  yellow,  gaseous  chlorine  were  present  in  the 
tube,  which  would  not  be  the  case. 

When  a  body,  say  a  specimen  of  sulphur,  contains  a  little  of  some 
other  physical  component,  we  speak  of  it  as  impure  sulphur.  This 
does  not  mean  that  it  contains  dirt  in  the  ordinary  sense  of  the  term. 
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A  little  magnesium  chloride  is  a  common  impurity  in  table  salt 
(sodium  chloride),  and,  by  absorbing  moisture,  renders  it  more  moist 
in  damp  weather  than  it  would  otherwise  become.  Absolutely  pure 
bodies  are  unknown.  "  OhemicaUy  pure  "  means  that  the  quantities 
of  the  impurities  which  the  material  is  most  apt  to  contain  have 
been  reduced  below  the  amount  which  would  interfere  with  the 
most  exact  chemical  work  for  which  the  substance  is  commonly 
employed. 

By  convention  we  continually  speak  of  "  pure  "  hydrochloric  acid, 
or  of  "  pure  "  sulphuric  acid,  although,  there  may  be  60  per  cent  of 
water  present  in  the  former,  and  7  per  cent  in  the  latter.  By  this 
we  mean  to  distinguish  the  former  from  **  commercial  "  hydrochloric 
acid,  for  example,  which  contains,  in  addition  to  the  water,  impurities 
like  sulphuric  acid  and  a  coloring  matter.  The  water,  is  in  fact 
disregarded,  since  it  is  assumed  to  be  present  in  all  cases. 

In  addition  to  the  foregoing,  there  are  three  other  sets  of  ideas, 
described  by  special  terms,  which  are  continually  used  in  chemistry. 

We  distinguish  one  body,  say  one  piece  of  sulphur,  from  another 
by  its  weight,  form,  or  volume.  Each  particular  specimen  differs 
from  every  other  in  these  attributes.  These  are  general  attributes 
possessed  by  matter  and  are  used  in  chemistry  for  measuring  quantity. 

When  all  the  bodies  to  which  we  should  apply  the  name  "  sul- 
phur **  are  compared,  we  find  that,  although  some  are  in  fine  powder, 
and  others  in  lumps  of  various  shapes  or  in  crystals,  and  thus  differ 
in  weight,  form,  and  volume,  they  nevertheless  have  many  qualities 
in  common.  These  qualities  we  call  specifle  properties,  or  properties 
conunon  to  a  species.  The  material  composing  all  the  bodies  of  one 
species  we  call  a  sabstance.  Some  of  the  specific  properties  charac- 
terizing a  substance  and  conmion  to  all  specimens  of  one  species  are 
color,  odor,  crystalline  structure,  hardness,  melting-point  (tempera- 
ture of  fusion),  solubility  in  water  or  other  solvents,  boiling-point 
(temperature  above  which,  at  760  mm.  pressure,  the  substance  is 
gaseous),  specific  gravity,  specific  heat,  and  conductivity  for  elec- 
tricity. Thus,  sulphur  is  yellow,  has  little  odor,  crystallizes  in  the 
rhombic  system,  has  a  hardness  of  2.5  on  a  scale  of  ten^  has  the  m.-p. 
114.5°  C,  is  not  perceptibly  soluble  in  water  but  dissolves  in  carbon 
disulphide  (41  parts  in  100  at  18®),  has  the  b.-p.  445°  C,  the  sp.  gr.  2, 
the  sp.  ht.  0.18,  and  is  a  very  poor  conductor.  In  the  first  two 
chapters,  while  presenting  the  experimental  facts  required  for  our 
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discussion,  we  have  had  to  speak  of  substances  very  frequently  (e.<7. 
pp.  2,  3,  and  5-8),*  and  have  done  so  always  in  the  above  sense. 

There  are  still  other  qualities  which  a  body  (or  specimen  of  mat- 
ter) may  possess.  It  has,  for  example,  a  certain  temperature,  press- 
ure, motion,  or  electric  charge.  These  are  impressed  upon  the  body 
and  do  not  inhere  in  it.  We  speak  of  them  as  conditions  of  the  body 
rather  than  properties.  In  the  use  of  the  body  they  may  be  altered, 
and  some  of  them  may  be  removed  or  added,  arbitrarily. 

Thus  there  are  three  kinds  of  qualities  to  be  considered.  The 
aUribuies,  like  weight,  form,  and  volume,  do  not  belong  to  substances 
but  do  belong  to  bodies.  The  specific  properties,  like  color,  solu- 
bility, and  odor,  belong  by  right  to  substances.  The  conditions,  like 
temperature  and  motion,  belong  to  neither,  for  they  can  be  altered 
without  changing  either  the  body  or  the  substance. 

Methods  of  Work  and  Observation  in  Chemistry* —  It  is  not 

the  end  of  chemical  work  to  make  generalizations  or  laws,  like  the 
characteristics  of  chemical  phenomena  (pp.  3, 11, 12, 18),  or  concep- 
tions, like  those  dealt  with  in  the  preceding  paragraph.  These  are 
simply  the  means  by  the  help  of  which  chemical  work,  whether  it 
be  investigation,  commercial  analysis,  or  manufacturing,  may  be 
carried  on  more  systematically.  Together  they  constitute  our 
system  for  classifjdng  the  facts  with  a  view  to  ready  reference.  The 
sample  experiments  (pp.  5-9),  if  reexamined,  will  show  that  we 
there  employed  most  of  the  categories  of  our  classification  which 
have  so  far  been  described. 

Thus,  in  the  experiment  with  iron  and  sulphur  (p.  6),  it  was  first 
our  object  to  find  out  whether  the  bodies  had  interacted  chemi- 
cally on  being  mixed.  To  do  this  we  noted  the  specifijc  properties 
(p.  23)*  of  the  substances  separately.  Using  these  properties  we 
were  able  to  identify  the  same  substances  in  the  mixture,  and  in 

*  References  to  previouB  pages  are  used  in  order  to  save  needless  repetition 
in  writing.  But  the  beginner  requires  endless  repetition  in  his  reading  and 
must  form  the  habit  of  examining,  in  conjunction  with  the  current  text,  the 
parts  referred  to.  The  passages  cited  are,  by  the  reference,  made  part  of  the 
cwrrtfd  text,  which  will  usually  not  be  clear  without  them.  The  same  remark 
implies  to  topics  referred  to  by  name.  Such  topics,  if  treated  in  later  pages, 
are  distinguished  by  the  letters  q.v.,  and  must  be  sought  in  the  index. 

All  terms,  and  especially  those  borrowed  from  physics,  if  not  perfectly 
familiar,  must  be  looked  up  in  a  work  on  physics  or  in  a  dictionary. 
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this  we  found  no  substance  with  new  properties.  Part  dissolved  in 
darbon  disulphide  and  reappeared  after  evaporation  of  the  solvent 
as  yellow,  rhombic  crystals,  and  the  rest  was  all  magnetic.  In  this 
connection  we  purposely  omitted  all  mention  of  the  quantity  and 
temperature,  because  attributes  (p.  23)  like  the  former  and  con- 
ditions (p.  24)  like  the  latter  do  not  characterize  substances  (since 
they  vary  with  each  specimen),  and  cannot  be  used  for  identification. 
While  all  the  specific  properties,  of  which  a  few  are  mentioned  on 
p.  23,  find  application  in  identification,  the  first  eight  on  the  list 
are  those  most  frequently  used.  Coincidence  in  two  or  three  specific 
properties  is  generally  sufiicient  to  establish  identity. 

Most  of  the  properties  cannot  be  recognized  readily  in  mixtures, 
as  a  moment's  thought  will  show.  The  general  color  and  the  specific 
gravity  of  a  mixture,  containing  unknown  substances  in  unknown 
proportions,  for  example,  tell  us  little  about  the  corresponding 
properties  of  the  components.  Now,  there  are  few  pure  substances 
in  nature  or  in  the  products  of  experiment,  and  many  mixtures. 
Hence,  separation  of  the  components  of  a  mixture  usually  of  necessity 
precedes  the  process  of  identification  just  referred  to.  Thus,  we 
first  removed  the  sulphur  by  dissolving  it  and  then  recovered  it  by 
evaporation  of  the  solvent,  the  boiling-point  of  the  carbon  disulphide 
(46°)  being  much  lower  than  that  of  the  sulphur  (445°)  and  its 
vapor  pressure,  by  virtue  of  which  it  evaporated  at  the  temperature 
of  the  room,  being  therefore  relatively  high.  We  secured  the  iron 
because  of  its  insdubility.  Those  specific  properties  which  can  be 
used  for  separating  mixtures,  as  well  as  for  identification,  are  there- 
fore the  most  important  of  all.  They  are  the  melting-point  (see 
Sulphur  manufacture),  solubility,  boiling-point,  specific  gravity  (see 
Gold  extraction),  and  magnetic  qualities,  the  last  being  applicable 
almost  exclusively  to  iron,  however. 

In  connection  with  this  investigation  we  employed  several  of 
the.  common  methods  of  manipulation  used  by  the  chemist.  These 
methods  are  derived  from  the  conceptions  described  in  the  last  para- 
graph. Thus  we  treated  the  mixture  with  a  solvent  (Fig.  2),  on  the 
assumption  that  if  it  was  heterogeneous  (p.  22)  the  components 
would  each  behave  as  if  alone  present.  We  then  filtered,  a  method 
invented  for  dealing  with  a  heterogeneous  mixture  consisting  of  a 
solid  and  a  liquid.  Deeantation  is  often  used  in  such  cases  when  the 
solid  is  specifically  much  heavier  than  the  solvent  and  settles  readily. 
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We  allowed  the  carbon  disulphide  to  evaporata  spontaneously,  and 
this  is  our  favorite  method  of  dealing  with  a  mixture  which  is  homo- 
geneous, and  therefore  would  run  through  a  filter  as  a  whole  without 
suffering  separation.  When  the  liquid  has  a  higher  boiling-point 
than  50-60^0.,  as  water  has,  we  use  heat  from  a  steam-bath  or 
Bimsen  flame  to  promote  the  evaporation.  In  evaporation  we  allow 
the  vapor  of  the  liquid  to  escape,  because  it  is  the  less  volatile,  dis- 
solved body  that  we  wish  to  examine.  When  we  desire,  on  the  con- 
trary, to  examine  the  liquid,  the  vapor  must  be  condensed.  This 
method,  which  we  have  not  yet  had  occasion  formally  (see  Exercise 
2)  to  employ,  is  called  distillation  (Fig.  14).    The  jacket  round  the 
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long  tube  is  filled  with  a  stream  of  cold  water,  which,  on  account  of 
its  hi^  specific  heat,  quickly  cools  and  condenses  the  vapor.  The 
resulting  liquid  is  caught  in  a  flask. 

These  methods  may  be  adapted  to  the  investigation  of  any  similar 
problem.  Thus,  gunpowder  is  made  by  the  intimate  mixing  of  sul- 
phur, charcoal,  and  saltpeter  (potassium  nitrate).  If  no  chemical 
interaction  whatever  has  occurred,  a  sample  will  be  wholly  separable 
into  these  components.  If  a  partial  change  has  taken  place,  a  certain 
amount  of  material  with  different  properties  will  be  discovered  in 
the  mixture.    If  the  change  has  been  complete,  no  portion  of  the 
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origmal  substances  will  be  found.  We  must  first  study  the  specific 
properties  of  each  of  the  ingredients  separately,  in  order  that  a  plan 
of  separation  may  be  devised,  and  that  we  may  have  a  basis  for 
comparison  with  the  products  of  the  separation. 

It  should  be  noted  that  our  methods  of  investigating  the  products 
of  nature  and  of  the  laboratory  are  purposely  limited  so  as  not  to 
separate  chemically  combined,  but  only  physically  mixed  forms  of 
matter.  After  a  physical  individual  has  been  isolated,  and  even  then 
only  if  it  has  new  properties,  and  is  not  recognized  as  a  known 
substance,  we  next  proceed  to  separate  it  into  its  chemical  constit- 
uents so  as  to  learn  which  constituents  it  contains  and  in  what 
relative  proportions  by  wdght. 

The  experiments  with  mercuric  oxide  (p.  7)*  and  with  silver 
nitrate  (p.  8)  simply  rang  the  changes  on  the  same  conceptions, 
and  repeated  the  same  manipulations.  In  every  case  the  specific 
properties  —  color,  crystalline  form,  volatiUty,  solubility,  and  so 
forth  —  by  which  separation  and  recognition  were  effected  will  be 
found  to  have  been  mentioned. 

Summary.  —  In  this  chapter  we  have  added  considerably  to  our 
conception  of  the  scope  of  chemistry  (c/.  p.  11).  Although  our 
survey  is  by  no  means  yet  complete,  we  may  condense  our  results 
as  foUows: 

Chemistry  deals  with  the  changes  in  composition  and  constitution 
which  substances  imdergo  and  with  the  transformations  of  energy 
which  accompany  them.  To  convert  the  isolated  facts  into  a  science 
we  classify  related  parts  under  laws,  such  as  those  of  conservation 
of  mass  (p.  12)  and  of  energy  (p.  17),  and  under  conceptions,  such 
as  those  of  internal  energy  (p.  17),  element  (p.  20),  body  (p.  22), 
substance  (pp.  2-3,  21  and  23).  We  also  distinguish  between  attri- 
butes, specific  properties,  and  conditions  (pp.  23-24).  In  the  last 
paragraphs  we  have  indicated  briefly  the  use  to  which  these  concep- 
tions and  this  classification  are  put. 

The  system  of  classification  as  a  whole  is  part  of  the  everyday 
mode  of  thought  of  the  chemist,  for  thought  consists  largely  in  com- 
paring and  contrasting,  and  our  system  of  classification  furnishes 
the  plan  of  this  so  far  as  chemistry  is  concerned.  Learning  chemis- 
try consists,  therefore,  in  large  part,  in  learning  this  classification 
and  becoming  habituated  to  its  use. 

*  See  footnote  to  p.  24. 
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!Exercise8.*  —  1.  What  are  the  two  most  du^ct  ways  of  showing 
a  substance  to  be  a  compound?    Illustrate  each. 

2.  Discuss  in  detail  the  experiments  with  mercuric  oxide  (p.  7), 
and  with  silver  nitrate  (p.  8),  showing  what  specific  properties 
were  used  for  separating  and  identifying  the  products,  and  how  they 
answered  the  purpose.  Which  methods  of  manipulation  were  em- 
ployed in  the  second  experiment,  and  which  method  was  used, 
essentially,  in  the  first? 

3.  Define  the  following  terms,  and  find  illustrations  of  each,  other 
than  those  given  on  p.  22:  mixture,  physical  component,  chemical 
constituent. 

4.  Describe,  (a)  a  red-hot  rod  of  iron,  (6)  an  aqueous  solution  of 
sugar,  employing  all  the  terms  given  on  pp.  22-24,  so  far  as  they  are 
applicable. 

5.  What  (a)  elements  and  (6)  substances  are  contained  in  an 
aqueous  solution  of  sodium  nitrate?  Would  it  be  correct  to  say 
that  the  simple  substance  oxygen  is  contained  in  it?  What  then 
is  the  difference  in  meaning  between  the  terms  "  element  oxygen  " 
and  the  "  simple  substance  oxygen  "  ? 

♦  The  exercises  should  in  all  cases  be  studied  with  minute  care.  They 
not  only  serve  as  tests  to  show  that  the  chapter  has  been  understood,  but 
very  frequently  (as  in  No.  1)  also  call  attention  to  ideas  which  might 
not  be  acquired  from  the  text  alone,  or  (as  in  No.  5)  assist  in  elucidating  ideas 
given  in  the  text  which,  without  the  exercises,  might  not  be  fully  grasped. 
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The  Law  of  I>efinite  JPrapartiona,  Fifth  Charaeteristie  of 
Chemical  JPhenomena.  —  The  ways  of  forming  or  decomposing  a 
compound,  or  of  carrying  out  a  more  complex  chemical  change,  may 
be  varied  indefinitely.  The  apparatus,  the  mode  of  experiment, 
and  the  proportions  of  the  materials,  may  be  altered  at  our  will. 
But,  in  spite  of  an  enormous  amoimt  of  careful  work,  no  case  of 
variation  in  the  proportion  of  the  constituents  actvjdily  used  or  jrro- 
duced  in  a  given  chemical  action  has  come  to  light.  If  too  much  of 
one  constituent,  for  example,  is  taken,  a  part  simply  remains 
unchanged.  In  every  sample  of  each  compound  substance  formed  or 
decomposed,  the  proportion  by  weight  of  the  constituents  is  always  the 
same.  This  statement  of  fact  is  known  as  the  law  of  definite  propor- 
tions. Another  form  of  statement,  which  is  applicable  more  directly 
to  complex  chemical  actions,  is:  The  ratio  by  weight  of  any  one 
of  the  factors  or  products  of  a.  chemical  change  to  any  other  is 
constant. 

The  Measurement  of  Combining  JProportians.  —  The  most 
exact  measurement  of  the  proportions  in  which  the  elements  combine 
to  form  compounds  involves  manipulations  too  elaborate  to  be  gone 
into  here.  One  or  two  brief  statements,  diagrammatic  rather  than 
accurate,  will  show  the  principles,  however. 

If  we  take  a  weighed  quantity  of  iron  in  a  test-tube  and  heat  it  with 
more  than  enough  sulphur  (an  excess  of  sulphur),  we  get  free  sulphur 
along  with  the  ferrous  sulphide  (pp.  6-7),  and  no  free  iron  survives. 
We  may  remove  the  free  sulphur  by  washing  the  solid  with  carbon 
disulphidel  The  difference  between  the  weights  of  ferrous  sulphide 
and  iron  gives  the  amount  of  sulphur  combined  with  the  loiown 
quantity  of  the  latter. 

As  an  example  of  the  study  of  rusting,  we  may  weigh  a  small 
amount  of  copper  in  the  form  of  powder  in  a  porcelain  boat  and  pass 

29 


COLLEGB  CHBiaSTRY 


oxygen  over  the  heated  metal  (Fig.  15).  If  we  limit  the  oxygen,  part 
of  the  copper  may  remain  unaltered;  if  we  use  it  freely,  the  excess 
will  pass  on  imchanged.    The  original  weight  of  the  copper,  and  the 
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increase  in  wei^t,  representing  oxygen,  give  us  the  data  for  deter- 
mining the  composition  of  cupric  oxide.  The  data  furnished  by 
one  rou^  lecture-experiment,  for  example,  were  as  follows: 

Weight  of  boat  empty 3.428  g. 

Weight  of  boat  +  copper 4.278  g. 

Difference  —  weight  of  copper 0.860  g. 

Weight  after  addition  of  oxygen 4.488  g. 

Weight  without  oxygen 4.278g. 

Difference  —  weight  of  oxygen 0.210g. 

The  proportion  of  copp)er  to  oxygen,  so  far  as  this  one  measurement 
goes,  is  therefore  85  :  21. 

The  results  of  quantitative  experiments  are  usually  recorded  in  the 
form  of  parts  in  one  hundred.  To  find  the  percentage  of  each  con- 
stituent, we  observe  that  the  proportion  of  copjjer  is  85  c  85  -I-  21, 
or  -ffy  of  the  whole.  That  of  the  oxygen  is  fWr  oi  the  whole.  Thus 
the  percentages  are: 

Copper,         106  :  85  : :  100  :  X        x   =  80.2 
(hgrgen,        106  :  21  : :  100  :  x'      x'  -  19.8 
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Naturally,  the  mean  of  the  results  of  a  number  of  more  carefully 
managed  experiments  will  be  nearer  the  true  proportion.  The  per- 
centages at  present  accepted  as  most  accurate  are  79.9  and  20.1. 

In  the  case  of  mercuric  oxide,  we  may  decompose  a  known  weight 
of  the  oxide  (p.  7)  and  afterwards  wei^  the  mercury  and  ascer- 
tain the  oxygen  by  difference. 

The  following  figures  show  some  results  of  experiments  like  these, 
only  two  places  of  decimals  being  given.  The  numbers  in  paren- 
thesis will  be  explained  presently: 


(1)   Cupric  oxide 

Copper         79.9 
Oxygen        20.1 

(3)   Water 

Hydrogen     11.18 
Oxygen        88.81 


(2)  Mercuric  oxide 

Meroury       92.50 
Oxygen  7.41 

(4)  Chlorine  monoxide 

Chlorine       81.59 
Oxygen         18.41 
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Combining  and  Equivalent  Weights. —  The  percentages  in  the 
above  list  represent  the  true  proportions  by  wei^t  in  the  various 
compounds,  but  naturally  the  individual  numbers  constituting  those 
proportions  have  no  chemical  significance  whatever.  They  are  arbi- 
trary values  selected  so  that  the  constituents  of  the  proportion  may 
together  make  100.  Each  pair  represents  the  constant  ratio  which 
is  the  mean  result  of  numerous  experiments. 

We  begin  the  effort  to  reduce  these  numbers  to  order  by  selecting 
one  element  as  our  starting-point,  and  by  taking  some  convenient 
wei^t  of  it  as  the  basis.  As  we  shall  see,  it  makes  no  difference 
what  choice  we  make  in  either  respect.  To  avoid  waste  of  time,  we 
shall,  therefore,  use  oxygen,  as  it  is  the  element  generally  preferred 
by  chemists  for  the  purpose.  The  reason  for  this  preference  will 
be  apparent  later  (see  pp.  35  and  37). 

We  should  naturally  be  inclined  to  use  1  part  of  the  element  as  our 
basis.  But  our  later  steps  involve  finding  out  what  amounts  of  the 
other  elements  combine  with  this  quantity,  and  we  perceive  that  the 
amount  in  the  case  of  hydrogen  will  be  only  0.126  parts.  We  calcu- 
late this  from  (3):  88.81  :  11.18  :  1  :  x  (=  0.126).  If,  however,  we 
take  8  parts  of  oxygen,  this  amoimt  of  hydrogen  is  also  increased 
eight  times  and  becomes  1.008.  As  no  element  is  found  to  combine 
in  smaller  proportions  than  hydrogen,  we  are  satisfied  that  a  scale 
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for  our  numbers  based  on  8  parts  of  oxygen  will  not  involve  any 
values  less  than  1.  The  choice  of  scale  is  purely  one  of  con- 
venience. 

We  now  proceed  to  calculate  from  the  data  given  above  the  weight 
of  each  of  the  other  four  elements  which  combines  with  8  parts  of 
oxygen.  From  (1)  we  calculate  this  weight  of  copper,  thus,  20.1  : 
79.9  : :  8  :  a;  (=  31.8  parts  of  copjjer).  Similarly  we  find  that  8 
parts  of  oxygen  combine,  in  (2)  with  100  parts  of  mercury,  in  (3) 
with  1.008  parts  of  hydrogen,  and  in  (4)  with  35.45  parts  of  chlorine. 
Oxygen  unites  with  almost  all  the  known  elements,  and  these  four 
compounds  have  been  chosen  simply  as  a  sample  group. 


OXTQEN 

COPPBB 

Mercttbt 

EXDKOaBN 

CHLOBim 

8 

31.8 

100 

1.008 

35.45 

Now  chlorine  combines,  not  only  with  oxygen,  but  also  with 
copper,  mercury,  and  hydrogen,  and  measurement  shows  that  the 
combining  proportions  are  represented,  exactly,  by  the  very  same 
numbers  as  before.  From  the  two  independent  facts  that  8  parts 
of  oxygen  combine  with  31.8  parts  of  copper  and  with  35.45  parts 
of  chlorine,  we  could  not  possibly  have  foretold  the  proportions  in 
which  copper  and  chlorine  would  combine  with  one  another.  Yet 
measurement  shows  it  to  be  31.8  :  35.45  precisely.  In  the  fol- 
lowing table  the  proportions  of  the  elements  are  placed  imder  the 
corresponding  parts  of  the  names  of  the  compounds  with  chlorine: 

Cupiuc  Chloride  Mercuric  Chloride  Htdrogen  Chlobidb 

31.8  :  35.45  100  :  35.45  1.008  :  35.46 

That  weight  of  each  element  which  combines  with  8  parts  of  ozygoi 
(or  1.008  parts  of  hydrogen)  is  known  as  the  equivalent  weight  of  the 
element.  These  weights  are  equivalent  because  they  hold  identical 
amounts  of  oxygen  (or  hydrogen)  in  combination. 

If  additional  elements  had  been  included  in  the  group,  a  combining 
number  could  have  been  found  for  each,  and  seeming  coincidences  of 
the  same  nature  would  have  multiplied  rapidly.  Thus,  sulphur 
unites  with  hydrogen  to  give  hydrogen  sulphide.  If,  to  maintain  the 
same  scale,  we  use  1.008  parts  of  hydrogen  in  expressing  the  proper^ 
tion,  we  find  that  the  combining  ratio  is  1.008  :  16.03.  This  r^ult 
could  not  enable  us  to  predict  the  proportion  of  copper  to  sulphur  in 
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cupric  sulphide,  but  measurement  ahows  it  to  be  31.8  :  16.03.     And 
mercury  and  aulphur  unite  in  the  proportion  100  :  lfl.03. 

Sulphur,  with  the  value  16.03,  may  therefore  be  added  to  the 

ries  of  equivalent  weights. 
Law  of  Multiple  JProportiona.  —  One  other  remarkable  fact 
remains  to  be  noted.  There  are  two  different  compounds  of  copper 
with  oxygen.  Cuprous  oxide  iq.v.),  the  one  not  mentioned  hitherto, 
is  found  in  nature  aa  a  dark-red  mineral  which  is  entirely  different 
from  cupric  oxide  In  physical  properties.  It  can  also  be  prepared 
in  the  laboratory,  but  not  by  simply  passing  oxygen  over  heated 
copper.  Now,  analysis  shows  that  in  cuprous  oxide  the  proportion 
of  copper  combined  with  8  parts  of  oxygen  is  63.6.  This  new  number 
for  copper  is  not  unrelated  to  the  corresponding  value  in  cupric 
oxide  (m.  31.8),  for  it  is  exactly  twice  aa  great.  Again  mercury 
forms  mercuroua  oxide  (see  p.  34)  as  well  as  mercuric  oxide  and  in 
the  former  the  proportion  of  oxygen  to  mercury  is  8  :  200.  The 
proportions  of  mercury  uniting  with  8  parta  of  oxygen  are  there- 
fore 100  and  200,  and  no  other  proportions  are  known.  Still  again, 
1.008  ports  of  hydrogen  unite  with  8  parts  of  oxygen  in  water  and 
with  2x8  parts  of  oxygen  in  hydrogen  peroxide.  The  fact  sug- 
gested by  these  three  examples  is  a  ^neral  one.  It  was  discovered 
by  Dalton  (1804)  and  was  embodied  by  him  in  a  statement  known 
as  the  Uw  ot  multiple  proportions,  which  ran  somewhat  as  follows: 
U  two  elsmente  unite  in  more  than  ons  proportion  forming  two  or 
mors  compounds,  the  quantities  of  one  of  the  elemente,  which  in  the 
dlflerent  compounds  ue  united  with  identical  amounts  of  the  other, 
Rtand  to  one  another  In  the  ratio  of  Integral  numbers,  which  are  nfloall; 


The  Zmw  of  Combinina  WeiahU,  Sixth  CharacterisHe,  — 

The  reader  should  now  examine  carefully  the  following  table  of 
combining  proportions.  It  includes  all  the  compounds  made  up  of 
pairs  of  the  fax  sample  elements  under  conaderation,  so  far  as  the 
existence  and  composition  of  such  compounds  have  been  deter- 
mined with  certiunty.  The  substances  in  black  type  are  the 
onea  from  whose  composition  we  originally  derived  the  combining 
numbers,  the  others  illustrate  the  uniform  recurrence  of  the  same 
numbers: 


u 


rfjfSJJEGE 


Ovffrvm  "^xiiie: 
2  /  ZlA  :  Vjr> 

2X3KS  :  35-45 
l<5/e  :  2  /  S/JO 
16/13  :  3  X  %//i 


F/jUO  :  %jm 


1jO»:SjOO 


2  X  I%Li!>  :  ^J» 


U/ji/ji :  i«L/jt5 

2  X  IWJO  :  i6u03 


U1K»  :  2  X  &00 


liW&:16JQ3 


1  OO/i  :  a5u45 


]JQm:35L45 


2  X  lOOJO  :  SoLiD 
35-45  :  «lOO 
35.45  :  4  X  SJOO 


2xiaJ03 
Solpbsr 

16.03  : 2  X 


It  wili  be  oo^rveri  that  the  same  nomber  serves  sIwets  to 
tbe  eoxabining  proportioDS  of  a  ^ven  decnent,  provided  that  nmhi- 
fAicsiUfm  by  an  int4P^^  is  permitted  when  necessary.  There  are  alao 
some  combinations  of  three  of  the  same  dements  in  one  compomKL 
But  ev'en  in  such  caaes  the  fundamental  numbers  still  reappear. 
Tht2S  oxygien,  f^lArmne,  and  hydrogen  combine  in  the  prop<»tk»8: 
2X8: 35.45  :  l/m,  6x8: 35.45  :  LOOS,  and  8  X  8  :35-45  :  1.008. 
Xor  w  the  recurrence  of  a  fundamental  number  an  exclusive  piopeii^ 
of  tl^te  six  dements  we  have  chosen  for  illustration.  A  vast  table 
contairJng  ever>'  known  element,  and  e\'er>-  compound  of  every  ele- 
ment, if  prepared  in  the  same  way  as  that  given  above  (by  starting 
with  a  fixed  number  for  one  element  and  calculating  the  comlHniiig 
proportions  in  all  the  compounds  with  this  number  as  a  basis),  would 
show  that  every  element  used  an  indi\idual,  fimdamental  number, 
or  integral  multiples  of  this  number,  in  e^'er>-  one  of  its  combinatioiis. 
Xo  exceptioa«3  to  this  rule  would  be  found  in  the  whole  mass  of  data» 

The  law  of  eombining  wei^^  may  be  put  briefly  thus:  The  proper- 
tloos  by  weight  in  which  all  chemteal  combinatknis  take  place  ean  be 
eipieieeil  in  terms  of  small  Integral  mnltiplei  of  fixed  nnmben,  caOed 
eombiniiig  wei|^,  one  for  each  element.  It  describes  what  is  perhaps 
the  most  strildng  of  all  the  characteristics  of  chemical  action. 

If  the  reader  will  now  reexamine  carefully  the  way  in  which  the 
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data  were  handled,  the  following  significant  facts  will  be  noted: 
(1)  Oxygen  was  made  the  starting-point  of  the  system  and  the  value 
8  was  assigned  to  its  combining  weight.*  Had  a  different  value 
been  used,  all  the  numbers  would  have  been  different.  But  the 
change  would  have  affected  all  the  numbers  in  the  same  proportion 
and  so  only  the  scale  of  the  numbers  would  have  been  affected.  An 
individual  combining  number,  one  for  each  element,  would  have 
still  recurred  wherever  the  element  itself  appeared.  •  (2)  Even  use 
of  another  element  as  the  initial  one  would  not  have  prevented  the 
discovery  of  the  law.  Thus  with  hydrogen  as  the  initial  element, 
and  the  value  1.008,  no  change  whatever  would  have  been  noted. 
With  a  different  value  for  hydrogen,  a  change  of  scale  in  all  the  num- 
bers would  have  followed,  but  individual  combining  weights  would 
have  apjjeared  as  before.  (3)  Finally,  if  cuprous  oxide  had  been  used 
instead  of  cupric  oxide  for  the  first  proportion,  the  value  found  for 
copper  would  have  changed  to  63.6,  while  the  other  numbers  would 
have  remained  imaffected.  But  this  nimiber  would  serve  as  the 
combining  weight  of  copper  just  as  well  as  31.8,  for  the  composition 
of  cupric  oxide  can  be  expressed  by  the  proportion  63.6  :  2  X  8 
as  well  as  by  31.8  :  8,  and  that  of  cupric  sulphide  by  63.6  :  2  X  16.03 
as  well  as  by  31.8  :  16.03.  An  important  conclusion  therefore  fol- 
lows from  these  considerations,  and  we  shall  have  occasion  to  use  it 
presently,  namely,  that  any  one  or  more  of  the  equivalent  weights 
(with  scale  oxygen  =  8)  may  be  separately  multiplied  by  an  integer 
without  its  usefulness  as  a  member  of  the  series  being  at  all  impaired. 
The  importance  of  the  fact  described  in  the  law  of  combining 
weights  cannot  be  emphasized  too  strongly.  Without  this  fact,  the 
remembering  of  the  compositions  of  chemical  substances,  necessary 
as  it  is  to  the  chemist,  would  have  been  completely  beyond  the  power 
of  any  ordinary  memory.    With  it,  the  task  becomes  comparatively 

*  Oxygen  was  chosen  as  the  basis  of  the  system  because  the  exact  deter- 
minations of  the  combining  weights  of  most  of  the  elements  have  actually 
been  made  by  direct  union  with  oxygen  or  with  the  help  of  but  one  inter- 
mediate step.  If  the  question  had  been  one  of  mathematics,  hydrogen,  the 
element  with  the  lowest  combining  proportions,  would  have  furnished  the 
basis  and  unit  of  the  scale.  But  the  question  was  the  practical  one  of  getting 
the  most  accurate  measurements  for  the  relative  magnitudes  of  the  numbers, 
so  oxygen  was  chosen  instead.  Nevertheless,  the  value  8  was  selected  in 
order  that  the  advantage  of  having  a  mathematical  unit,  or  something  close 
to  it,  in  the  combining  weight  of  hydrogen,  mij^t  be  retained  also. 
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simple.  It  is  only  necessary  to  decide  on  the  best  system  of  values 
for  the  combining  weights,  and  then,  regarding  the  value  of  this  far 
each  element  as  the  unit  of  weight  for  that  element,  to  express  the  pro- 
portions of  the  element  in  every  compound  by  the  proper  multiples. 
Thus,  given  a  list  of  the  combining  weights,  one  for  each  element,  only 
the  small  integral  multiples  have  to  be  kept  in  mind  in  connection 
with  each  compound. 

The  reader  will  require  a  little  time,  however,  before  he  becomes 
accustomed  to  the  use,  not  of  a  single  imit  of  wei^t,  but  of  a  different 
one  for  each  element.  Chemistry  is  the  only  science  in  which  the 
physical  imit  of  weight,  which  is  the  same  for  all  materials,  is  not 
employed  for  every  purpose.  The  physical  manipulations  of  the 
chemist  are  carried  out  with  the  use  of  physical  units,  but  the  chemi- 
cal results  are  expressed  in  terms  of  individual  imit  quantities  of  the 
several  elements,  the  combining  weights. 

The  individual  imits  actually  used  for  each  element  are  not  in  all 
cases  identical  with  those  we  have  given.  The  final  values  wiU  be 
discussed  in  the  next  section. 

Atontic  Weights.  —  The  chemist  frequently  uses  the  idea  of 
equivalents  and  the  values  we  have  given  them.  But  far  more  often 
he  employs  a  slightly  differing  set  of  numbers,  which,  for  reasons  that 
will  appear  in  a  subsequent  chapter,  he  calls  atomic  weights.  The 
following  list  shows  the  elements  whose  equivalents  we  have  been 
discussing,  along  with  one  or  two  others,  added  by  way  of  furnish- 
ing a  fair  sample,  and  gives  both  sets  of  weights  for  the  purpose  of 
comparison : 


Element. 

Equiva- 
lents (Com- 
bining 
Weights). 

Atomic 
Weights. 

Element. 

Equiva- 
lents (Com- 
bining 
Weights). 

Atomic 
Welghta. 

Oxygen  .... 
Copper   .... 
Sulphur     .   .   . 
Mercury.   .   .   . 
Chlorine    . 
Hydrogen  . 

8 

31.8 
16.03 
100.0 
35.45 
1.008 

16 

63.6 
32.06 
200.0 
35.45 
1.008 

Iron 

Magnesium    .    . 
Carbon   .... 
Aluminium    .    . 
Sodium  .... 
Bromine    .    .    . 

27.95 
12.18 
3.00 
9.03 
23.05 
79.96 

55.9 

24.36 

12.00 

27.1 

23.05 

79.96 

It  will  be  seen  that  some  equivalents  have  been  multiplied  by  two, 
the  first  four  and  those  of  iron  and  magnesium,  for  example;  some 
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have  been  multiplied  by  three,  like  that  of  alumioium;  6ome  by  four, 
like  that  of  carbgn;  and  some  remiuD  unchaDged,  like  those  of 
chlorine,  hydrogen,  sodium,  and  bromine. 
I  The  reasons  for  this  manipulation  of  the  simple  equivalents  found 
'  by  experiment  are  based  upon  theoretical  considerations.  As  it  is 
impossible,  until  we  reach  certain  important  facts  which  cannot  be 
introduced  here,  to  explain  these  considerations,  the  discussion  of 
the  reasons  for  the  changing  of  the  numbers  will  be  postponed  until 
after  these  facts  are  before  ub.  Suffice  it  to  say  that  great  advan- 
tages are  found  to  attach  to  these  modifications  in  the  values.  The 
step  from  equivalents  to  atomic  weights  (q.v.)  is  taken  before  the 
justification  of  it  can  be  given,  because  otherwise  formula  (see  next 
chapter)  could  not  be  used  in  the  earlier  chapters,  and  so  the  advan- 
tages their  employment  offers  would  be  sacrificed. 

The  atomic  weight  is  the  unit  of  weight  (p.  36)  actually  used  in 
expressing  the  proportions  of  each  element  in  all  its  compounds. 
The  integral  factors  are,  of  course,  different  from  those  which  would 
be  employed  in  expressing  the  composition  of  the  same  substance  in 
terms  of  equivalents,  because  many  of  the  latter  have  been  multi- 
pUed  by  small  integers  already  in  course  of  being  made  into  atomic 
weights.  But  the  multiplication  has  in  everj'  case  been  by  an  integer, 
80  that  the  new  numbers  are  just  as  serviceable  as  the  old  (p.  35). 

To  the  reasons  given  above  for  the  choice  of  oxygen  as  the  funda- 
mental element,  and  the  value  8  for  its  combining  or  equivalent 
weight,  one  other  may  now  be  added.  The  majority  of  the  atomic 
wdghts,  calculated  on  this  basis  from  the  experimental  results,  fall 
80  close  to  being  integers  that  the  nearest  round  numbers  are  exact 
enough  for  ordinary  use.  Thus  in  the  above  list  nme  of  the  twelve 
atomic  weights  are  within  O.l  of  the  nearest  whole  number.  This 
convenience  disappears  when,  for  example,  hydrogen  with  the  value 
I  is  made  the  basis. 

The  reader  will  inevitably  find  difficulty  at  first  in  thoroughly 
grasping  the  significance  of  these  numbers.  It  may,  therefore,  be  of 
some  assistance  if  a  hint  is  thrown  out  which  will  suggest  a  concrete 
basis  for  this  curious  property.  These  numbers  appear  to  mean 
that,  when  we  wish  to  make  a  chemical  compound,  we  may  choose 
aoy  two  elements  from  the  list,  and,  if  it  is  found  that  they  can  com- 
bine at  all.  we  have  only  to  take  the  atomic  weights,  worked  out 
from  other  combinations  of  each  element,  and  w  shall  find  that  they 
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will  exactly  suffice  for  this  case  of  chemical  union.  If  complete  com- 
bination of  both  materials  does  not  take  place,  then  trial  will  quickly 
show  what  multiples  of  the  atomic  weights  will  result  in  this.  The 
situation  seems  to  suggest  that  the  constructing  of  chemical  com- 
pounds depends  upon  the  putting  together  of  ready-made  "  parts," 
like  those  of  a  watch  or  a  bicycle.  The  parts  seem  to  be  "  inter- 
changeable/' and  each  element  seems  to  be  furnished  to  us  by  nature 
in  ready-made  packets  suitable  for  application  in  building  up  any 
chemical  structure. 

A  complete  list  of  atomic  weights  is  printed  on  the  inside  of  the 
cover  at  the  back  of  this  book. 

Summary.  —  This  chapter  adds  an  important  item  to  our  state- 
ment of  the  scope  of  the  science  (c/.  p.  27),  which,  therefore,  now 
reads  as  follows:  Chemistry  deals  with  the  quantUative  study  of  the 
changes  in  composition  and  constitution  which  substances  undergo 
and  with  the  transformations  of  energy  which  accompany  them.  To 
express  the  quantitative  relations  which  are  observed,  a  different  unit 
of  weight  is  employed  for  each  element,  and  is  known  as  the  atomic 
weight  of  the  element. 

Exercises. —  1.  To  test  the  correctness  of  the  statements  on 
p.  35,  take  mercury  as  the  basal  element  and  250  as  its  combining 
weight,  and  work  out  from  the  data  on  pp.  31  and  32  (second  line 
from  the  foot)  the  corresponding  combining  weights  of  the  other  five 
elements.  Then  show  that  the  values  obtained  have  the  same 
property  as  have  the  equivalents. 

2.  Express  in  terms  of  atomic  weights,  or  their  integral  multiples, 
the  composition  of  cupric  oxide,  cupric  chloride,  sulphur  mono- 
chloride. 

3.  Show  that  doubling  the  atomic  weight  of  chlorine  would  pve 
an  available  combining  number. 
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A  CONSIDERATION  of  the  contents  of  the  foregoing  chapter  will 
show  that  the  complete  description  of  a  chemical  change  must  be 
exceedingly  involved.  In  a  moderately  complex  action,  such  as 
that  of  sodium  chloride  upon  silver  nitrate,  we  should  say  that  sodium 
chloride,  composed  of  one  atomic  weight  each  of  sodium  and  chlorine, 
when  brought  in  contact  with  silver  nitrate,  composed  of  one  atomic 
weight  each  of  silver  and  nitrogen  and  three  atomic  weights  of  oxy- 
gen, gave  silver  chloride,  composed  of  one  atomic  weight  each  of  silver 
and  chlorine,  and  sodium  nitrate,  composed  of  one  atomic  weight 
each  of  sodium  and  nitrogen  and  three  atomic  weights  of  oxygen. 
Such  a  statement,  while  it  would  give  all  the  facts  in  the  quantitative 
point  of  view,  would  be  diflScult  to  grasp  and  lacking  in  perspicuity. 

Symbols,  Formulte,  and  Equations.  —  In  order  to  represent 
the  nature  of  a  chemical  change  in  a  form  which  may  be  taken  in  at 
a  glance,  the  chemist  is  in  the  habit  of  using  certain  ssrmbolB,  first 
introduced  by  Berzelius.  Thus,  the  letters  Ag  represent  one  atomic 
weight  (t.e.,  107.93  parts)  of  silver  {argentum),  and  O  represents  one 
atomic  weight  (i.e.,  16  parts)  of  oxygen.  In  other  words,  the  symbol 
of  an  element  means  one  chemical  unit  weight  of  the  element.  Since 
many  elements  begin  with  the  same  initial,  two  letters  have  fre- 
quently to  be  used  to  distinguish  them.  When  the  names  of  the 
elements  are  not  the  same  in  all  languages,  resort  is  frequently  had 
to  Latin.  Thus,  Cu  stands  for  one  combining  weight  of  copper 
{cwprurrC),  Fe  is  used  for  iron  (ferrum),  Hg  for  mercury  (hydrargyrum). 
From  German  we  have  Na  for  sodium  (natrium)  and  K  for  potassium 
(kalium).  To  represent  a  compound,  the  symbols  of  the  elements 
which  it  contains  are  placed  side  by  side,  small  numbers  indicating 
multiples  of  the  atomic  weights  where  they  occur.  Thus,  sodium 
chloride  is  represented  by  the  expression  NaCl,  silver  nitrate  by 

the  symbols  AgNO,.    A  combination  of  symbols  is  called  a  formula. 

80 
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The  symbols  composing  a  formula,  taken  by  themselves,  do  not 
stand  for  any  definite  quantity;  each  is  one  factor  of  a  proportion. 
Ag  meahs  the  proportion  of  107.93  parts  of  silver  to  the  proportions 
of  the  other  elements  represented  by  the  other  symbols  which  may 
be  connected  with  it. 

The  value  of  these  symbols  lies,  not  only  in  the  compact  way  in 
which  the  resulting  formulae  present  the  composition  of  compounds, 
but  also  in  the  use  which  may  be  made  of  them  in  showing  at  a  glance 
the  details  of  a  chemical  change.  The  chemical  action  just  mentioned 
appears  as  follows: 

NaCl  +  AgNO,  ->  AgQ  +  NaNO,. 

This  expression  contains  all  that  was  conveyed  by  the  words  which 
were  written  out  in  full  above.  The  arrow  indicates  that  the  mate- 
rials on  the  left-hand  side  pass,  in  the  chemical  transformation,  into 
those  on  the  right-hand  side.  Such  symbolic  expressions  are  called 
equations. 

One  other  variation  is  in  frequent  use.  The  equation  for  the 
formation  of  rust,  if  we  left  the  water  which  enters  into  its  com- 
position out  of  the  question,  would  run  thus: 

2Fe  +  30  ->  Fe^Oj. 

It  will  be  observed  that  we  employ  the  form  2Fe  before  combination 
and  Fe,  (in  FejO,)  after  it.  The  reasons  for  this  usage  will  become 
clear  as  we  proceed.  We  note  simply  that  2Fe  means  2  separate 
atomic  weights  of  iron,  as  3Fe203  would  mean  three  separate  fonnnla- 
weights  of  oxide  of  iron.  The  same  substance  (cf.  p.  21),  iron,  might 
app)ear  as  5Fe  or  8Fe  in  other  equations,  according  to  the  proportion 
needed.  But  FcjOj  is  a  group  of  five  atomic  weights  united  chemi- 
cally. The  substance  ferric  oxide  never  contains  anything  but  two 
atomic  weights  of  the  element  iron,  and  its  formula  is  invariable. 
Thus  the  regular  integers  multiplying  the  atomic  weights  in  the  com- 
position of  a  particular  compound  are  written  after  the  symbols  of 
the  elements,  while  more  arbitrary  coefficients  which  change  from 
one  use  of  the  substance  to  another  are  written  in  front.  When  no 
coefficient  appears  in  front  of  a  symbol  or  formula,  1  is  to  be  imder- 
stood. 

Mtiking  FortnuUB.  —  To  make  the  formida  of  a  compound  sub- 
stance; assuming  the  formula  to  be  unknown,  two  kinds  of  informa- 
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tion  are  required.  We  ascertain  (1)  by  measurement  the  proportion 
by  wei^t  of  the  constituents  in  the  compound.  We  require  also 
(2)  to  know  the  chemical  imit  wei^ts  —  the  atomic  weights  — 
which  have  been  accepted  by  chemists  for  each  constituent  element. 
By  factoring  the  terms  of  the  first  proportion  so  that  one  factor  in 
each  case  is  the  atomic  wei^t,  we  discover  whether  multiples  of 
the  atomic  weights  will  be  required  to  represent  the  composition  of 
the  substance,  and  if  so  what  these  must  be.  An  illustration  will 
make  the  process  clear. 

Suppose  the  problem  is  to  make  the  formula  of  dried  rust.  By 
weighing  before  and  after  the  change,  we  get  the  weight  of  the  m>n 
and  of  the  corresponding  amount  of  oxygen  in  the  rust  it  produces. 

If  we  took  2  g.  of  iron  we  should  get  about  2.86  g.  of  rust.    So  that 

2 

the  proportion  of  iron  to  oxygen  is  ~-^~  .     Now,  in  the  formula, 

0.86 

the  same  ratio  must  be  represented  by  means  of  multiples  of  the 

atomic  weights  (p.  37).    We  therefore  divide  the  quantity  of  each 

element  by  the  corresponding  atomic  weight.    This  gives  us  the 

factors  by  which  the  atomic  weights  are  to  be  multiplied.    The 

atomic  weights  are  55.9  and  16  respectively:  2  4-  55.9  «  0.0358, 

2 
and    0.86  -*-  16  =  0.0537.      The   proportion  jr-^   then    becomes 

U.oO 

'  /xV>f;Q7  •  ^^^  *^  proportion  must  be  capable  of  expres- 
sion in  terms  of  integral  multiples  of  the  atomic  weights.  We 
find  that  the  greatest  common  measure  of  the  two  factors  is 
0.0179.    Dividing  above  and  below  by  this,  we  obtain  the  ratio 

^'^  .  Substituting  the  symbols  for  the  atomic  wei^ts,  the 
16.0  X  3 

proportion  appears  as  .^3^,   and  the  formula  is  therefore  Fe,0.. 

It  is  obvious  that  setting  the  symbols  down  side  by  side  is  not 
sufficient.  We  must  determine  by  measurement  the  factors  by 
which  they  are  to  be  multiplied. 

M€iking  EquatUms.  —  To  make  the  equation  representing  a 
chemical  change  we  note,  (1)  what  substances  were  used,  and  ascer- 
tain, by  study  of  their  properties,  what  substances  were  formed. 
Then  we  Uam  (2)  the  formulss  of  the  substances  used  and  i»o- 
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duced.  This  we  do  either  by  measurement  and  calculation,  as 
shown  above,  or  we  find  in  the  text  the  formula  as  they  have  been 
determined  by  the  experimental  work  of  chemists.  From  these  we 
prepare  (3)  a  skeleton  equation  which,  in  the  instance  discussed, 
woiild  appear  thus: 

Fe  +  O  -►  Fe,0,. 

We  are  careful  to  place  the  initial  substances  on  the  left,  and  to 
point  the  arrow  towards  those  which  are  produced.  Finally  (4) 
we  "  balance  the  equation  "  by  placing  the  proper  coefficients  before 
thd  formula.  This  last  operation  requires  experience  for  its  rapid 
performance.  A  good  rule  is  to  begin  by  picking  out  that  one  of  the 
formulae  which  contains  the  largest  number  of  atomic  weights,  no 
matter  upon  which  side  it  appears.  Here,  this  formula  is  Fe,0,. 
We  then  reason  that,  to  obtain  Fe,  we  require  2Fe,  and  to  obtain 
O,  we  require  30,  and  accordingly  we  place  these  coefficients  before 
the  appropriate  symbols,  thus: 

2Fe  +  30  ->  FcjO,. 

It  is  hardly  necessary  to  add  that  a  chemical  equation  gives  the 
proportions  of  the  materials  and  nothing  more.  The  physical  condi- 
tions, for  example,  whether  the  substances  are  dissolved  in  a  liquid, 
or  are  in  the  state  of  gas,  or  are  at  a  high  temperature,  have  no  place 
in  it.  The  physical  properties  of  the  substances  concerned,  and  also 
the  energy  in  the  form  of  heat  or  electricity  which  may  appear  or 
disappear  in  the  process,  are  likewise  left  entirely  out.  A  question 
in  regard  to  the  nature  of  a  particular  chemical  change  demands  in 
answer  a  full  statement  of  all  these  things.  The  equation  is  therefore 
an  essential  part,  but  only  a  part,  of  such  a  statement. 

Units  of  MetMurement  in  Chemical  Work.  —  In  chemical 
work  temperatures  are  invariably  measured  on  the  Centigrade  scale. 
The  temperature  of  a  mixture  of  ice  and  water  is  the  zero  point. 
The  temperature  of  the  steam  which  rises  from  water  boiling  under 
a  pressure  of  one  atmosphere  is  represented  by  100°.  The  interval 
between  those  two  points  is  divided  into  one  hundred  equal  parts. 

For  the  expression  of  length,  weight,  and  volume,  the  metric  sys- 
tem is  emjdoyed.  The  unit  of  this  system  is  the  meter,  which  is  sub- 
divided into  decimeters,  centimeters  (cm.),  and  millimeters  (mm.). 
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For  small  measurements  the  last  subdivision  is  taken  as  the  unit. 
A  cubic  centimeter  (c.c.)  is  the  unit  of  volume  for  small  measure- 
ments. For  larger  ones  the  liter,  which  contains  1000  cubic  centi- 
meters, is  used.  The  unit  of  weight  is  that  of  one  cubic  centimeter 
of  water  at  4^,  the  temperature  of  maximum  density.  This  is  called 
the  gram.'*'  For  larger  amounts  of  material  the  kilogram,  which 
contains  1000  grams  (1000  g.),  is  frequently  employed.  The  meter 
is  equal  to  about  39^  inches  in  ordinary  measures,  and  the  centi- 
meter is  very  nearly  f  of  an  inch.  One  liter  is  about  ^  of  a  cubic 
foot  and  contains  61  cubic  inches  or  35  fluid  ounces.  One  hundred 
grams  is  about  3^  ounces  avoirdupois,  and  one  ounce  equals  28.35 
grams. 

CalcuUUiona  in  Chemistry.  —  In  the  laboratory  it  is  frequently 
desirable  that  we  should  know  what  amount  of  some  substance  may 
be  obtained  by  a  given  chemical  action  from  another,  or  what 
amount  of  material  must  be  used  to  obtain  the  desired  amount  of 
some  product.  This  information  is  readily  accessible,  since  measure- 
ments of  quantity  in  connection  with  most  chemical  changes  are  on 
record.  The  simplest  and  most  easily  handled  form  of  this  record 
is  found  in  the  formulse  of  compounds,  and  in  the  equations  repre- 
senting the  changes  which  they  undergo.  It  is  most  convenient, 
therefore,  when  a  question  of  this  kind  occurs,  to  ascertain  and  vrrUe 
down,  first,  the  equation.  Having  then  before  us  the  information  in 
regard  to  the  quantities  in  the  most  condensed  form,  we  may  use 
such  parts  of  this  information  as  are  required  for  the  problem  in  hand. 

Suppose,  for  example,  that  the  question  is  in  regard  to  the  weight 
of  oxygpn  which  may  be  obtained  from  120  g.  of  mercuric  oxide.  We 
write  down  the  equation,  and,  if  the  numbers  are  not  familiar  to  us, 
we  ascertain  the  atomic  weights,  a  table  of  which  is  printed  on  the 
inside  of  the  rear  cover  of  this  book.  These  we  place  then  below  the 
symbols  by  which  they  are  represented,  thus: 

HgO  ->  Hg  +  O 

200  +  16  200         16 

Reading  this  equation,  it  appears  that  one  formula-weight,  or  216 
parts  by  weight,  of  mercuric  oxide  give  one  atomic  weight,  16  parts, 

^  In  point  of  fact,  the  gram  is  the  one-thousandth  part  of  the  weight  of  the 
standard  kilogram  kept  in  Paris.  This  differs  from  the  weight  of  1  c.c.  of  water 
at  4^  by  kss  than  0.01  per  cent. 
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of  oxygen,  and  the  question  is,  What  weight  of  oxygen  will  be 
obtained  from  120  grams  of  the  oxide?    The  answer  may  be  stated 

by  simple  proportion:  216  :  16  : :  120  :  x,  or  16  X  jr-  =  Answer. 

216 

The  reader  miLst  conquer  a  tendency  to  speak  of  the  symbol  0  as  repre- 
senting "  I  part "  of  oxygen:  it  stands  for  16  parts.  The  word  "  part  " 
refers  to  physical  miits  exclusively. 

It  will  be  noticed  that  not  all  the  data  which  we  have  written 
down  are  necessarily  used.  In  general,  only  two  of  the  three  or 
more  weights  which  the  equation  represents  will  be  required. 

JExercises.  —  1.  What  weight  of  mercury  is  obtained  from  120  g. 
of  mercuric  oxide? 

2.  What  weight  of  mercuric  oxide  will  furnish  20  g.  of  oxygen? 

3.  What  weight  of  rust  may  be  obtained  from  10  g.  of  oxygen? 

4.  What  weight  of  silver  chloride  is  obtained  from  50  g.  of  silver 
nitrate  (p.  40)? 

5.  How  much  silver  is  contained  in  100  g.  of  an  impiu^  specimen 
of  silver  chloride  which  is  33  per  cent  sand? 

6.  If  26  g.  of  mercurous  oxide  are  required  to  give,  by  heating, 
1  g.  of  oxygen,  what  is  the  formula  of  the  substance? 

7.  What  are  the  formulae  of  the  substances  possessing  the  follow- 
ing percentage  compositions?  The  percentages  are  to  be  divided  by 
the  atomic  weights  just  as  were  the  actual  weights  in  the  illustration 
on  p.  41. 

I  II  III 

Magneaum,      25.57    Sodium,    32.43    Potassium,   26.585 
Chlorine,  74.43    Sulphur,    22.55    Chromium,  35.390 

Oxygen,    45.02    Oxygen,        38.025 

8.  What  ar^  the  percentage  compositions  of  substances  possessing 
the  following  formulae:    Mn304,  KBr,  FeS04? 

9.  Compare  the  formula  of  mercurous  oxide,  found  in  6,  with  that 
of  mercuric  oxide,  and  show  how  the  compounds  illustrate  the  law 
of  multiple  proportions  (p.  33). 

10.  Using  the  proportions  given  on  p.  34,  calculate  the  formula 
of  all  the  compounds  in  the  table.  Compare  in  each  case  the  factors 
which  multiply  the  symbols  (and  therefore  the  atomic  weights) 
with  those  used  in  the  table  to  multiply  the  equivalent  weights* 
Explain  the  differences  where  they  occur. 


CHAPTER  V 
0X70EH 

MUtorieal  and  Introductory.  —  Almost  one-quarter  of  the 
atmosphere,  by  weight,  is  free  oxygen.  Water  contains  nearly  89 
per  cent  of  oxygen  in  combination,  and  this  element  constitutes 
about  50  per  cent  of  common  materials  Uke  sandstone,  limestone, 
brick,  and  mortar.  On  account  of  its  predominance  over  other 
elements  in  quantity  (p.  21),  and  the  exceptional  capacity  which 
it  exhibits  for  forming  compounds  with  a  great  variety  of  other 
elements,  the  systematic  study  of  chemistry  may  conveniently  be 
begun  with  oxygen. 

While  many  elements  which  are  less  easily  obtainable  than  oxygen 
have  been  recognized  as  distinct  substances  for  many  centuries, 
oxygen  did  not  attain  this  position  until  it  was  prepared,  first  by 
Scheele  in  Sweden  in  1771-3  and,  independently,  by  Priestley  in 
1774.  The  latter  was  particularly  interested  in  examining  the 
nature  of  the  gases  which  were  evolved  by  some  materials  when 
heated.  He  found  that  mercuric  oxide  gave  off  an  unusual  amount 
of  a  gas,  or  "  air  "  as  he  called  it.  Priestley  discovered  that  this 
gas  supported  combustion  extremely  well  and,  later,  that  it  was 
respirable  and  favorable  to  the  life  of  small  animals,  such  as  mice. 
He  did  not,  however,  recognize  that  atmospheric  air  was  a  mixture, 
and  that  the  substance  he  had  obtained  was  in  reality  identical  with 
that  component  of  the  air  which  has  the  same  properties. 

Meanwhile  Lavoisier,  in  Paris,  who  had  been  studying  the  rusting 
of  metals  in  the  air,  heard  of  Priestley's  experiments,  and  demon- 
strated that  the  latter's  "  good  air  "  was  really  a  component  of 
conmion  air,  and  combined  with  metals  when  they  formed  rusts,  or 
"  calces,"  as  they  were  then  called.  He  proved  this  conclusively 
by  heating  mercury  in  an  inclosed  volume  of  sir.  The  red  mercuric 
oxide  accumulated  on  the  surface  of  the  mercury  and  simultaneously 
the  Mr  suffered  a  shrinkage  of  about  one-fifth  of  its  volume.  The 
residual  gas,  nitrogen,  no  longer  supported  combustion  or  life.    The 
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oxide  on  being  heated  more  strongly  by  itself  gave  off  a  gas  whose 
volume  exactly  corresponded  with  the  shrinkage  undergone  by  the 
inclosed  air,  and  this  gas  possessed  in  an  exaggerated  degree  the 
properties  which  the  air  had  lost.  The  proof  that  oxygen  was  a  con- 
stituent of  the  atmosphere  was  therefore  complete.  Lavoisier,  in 
the  mistaken  belief  that  the  new  element  was  an  essential  con- 
stituent of  all  sour  substances,  named  it  oxygen,  or  acid-producer 
(Gk.  ofu5  an  acid,  ycwav  to  produce). 

I^reparcUian  of  Oxygen.  —  1.  Oxygpn  may  be  separated  from 
the  other  substances  mixed  with  it  in  the  atmosphere  by  liquefying 
the  air  (see  Liquid  air),  allowing  the  nitrogen,  which  is  more  volatile, 
to  escape,  and  finally  compressing  into  tanks  the  oxygen  which 
evaporates  last.    This  is  a  purely  mechanical  process. 

2.  There  are  many  compounds  which,  when  heated  to  tempera- 
tures under  200CP  such  as  we  can  obtain  with  the  aid  of  a  Bunsen 
burner,  a  coal  fire,  or  a  blast-lamp,  give  up  their  oxygen.  Some  of 
them  are  minerals,  but  most  of  them  are  manufactured  articles.  Of 
the  minerals,  pyrolusite  (manganese  dioxide,  MnOj),  employed  by 
Scheele,  is  an  example.  It  usually  contains  the  elements  of  water 
also,  and  hence  moisture  is  evolved  at  the  same  time.  A  substance 
identical  with  the  mineral  hausmannite  (]Mn304.  For  the  equation 
see  p.  50)  remains.  Amongst  the  artificial  sources  are  mercuric 
oxide,  expensive,  but  historically  interesting  (p.  7);  barium  per- 
oxide, used  in  manufacturing  oxygen  on  a  large  scale  (Brin's  process) ; 
and  potassium  chlorate,  the  most  convenient  for  laboratory  use. 

Erin's  Oxygen  Process  starts  from  barium  oxide  (q.v,).  Barium 
oxide  BaO  closely  resembles  quicklime  CaO,  but  differs  from  this  sub- 
stance in  the  fact  that  when  heated  in  air  to  about  500°,  it  rapidly 
acquires  additional  oxygen  and  gives  barium  peroxide.  When 
barium  peroxide  is  raised  to  lOOO*,  this  extra  oxygen  is  given  up 
again.  Barium  oxide  contains  one  chemical  unit  weight  each  of  the 
two  constituents  and  takes  up  another  of  oxygen,  so  that  the  equa- 
tion for  the  primary  action  is:  BaO  +  O  — >  BaOj.  The  subsequent 
decomposition  of  the  peroxide,  during  the  stage  in  which  the  oxygen 
is  made,  is  the  exact  opposite:  BaOj  — >  BaO  4-0.*    The  commer- 

*  In  cases  where  an  action  is  reversible,  and  the  direction  depends  on 
conditions  which  may  be  altered,  we  write  both  equations  in  one: 

BaO  +  O  4=^  BaO,. 
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dal  advantage  of  the  method  lies  in  the  fact  that  the  barium  oxide 
remaining  after  the  second  stage  can  be  used  over  and  over  again. 
This,  as  will  be  seen,  is  in  reality  a  chemical  method  of  obtaining 
oxygen  from  the  air. 

In  practice  the  barium  oxide  is  maintained  at  a  temperature  of 
700*^,  intermediate  between  the  two  just  mentioned,  and  air  is  forced 
under  pressure  into  the  tubes  containing  the  oxide.  A  valve  at  the 
extremity  of  the  tubes  permits  the  escape  of  the  nitrogen.  When 
the  combination  with  oxygen  is  completed,  the  pumping  apparatus 
is  reversed,  and,  a  partial  vacuum  being  created,  the  oxygen  in  com- 
bination is  given  off  without  any  alteration  in  temperature  being 
necessary.  Thus  a  great  waste  of  fuel  is  avoided,  and  the  process 
is  rendered  more  nearly  continuous.  This  method  furnishes  oxygen 
about  96  per  cent  pure,  and  suitable  for  sale  in  compressed  form  in 
iron  cylinders. 

PotABsinm  Ohlorate  (q.v,)  is  a  white  crystalline  substance  used  in 
large  quantities  in  the  manufacture  of  matches  and  fireworks.  When 
heated  in  a  tube  similar  to  that  in  Fig.  5,  it  first  melts  (351^)  and 
then,  on  being  more  strongly  heated,  it  effervesces  and  gives  off  a 
very  large  volume  of  oxygen.  Examination  shows  that  the  whole 
of  the  oxygen  it  contains  can  be  driven  out.  The  white  material 
which  remains  after  the  heating  is  identical  with  the  mineral  sylvite. 
To  the  chemist  it  is  known  as  potassium  chloride,  and,  when  de- 
composed, it  yields  potassium  and  chlorine  in  the  exact  ratio  of  their 
atomic  weights.  Its  formula  is  thus  KCl.  We  may  infer,  therefore, 
that  the  composition  of  the  original  substance  will  be  representable 
by  the  formula  KClOx,  where  x  is  the  nimiber  of  atomic  weights  of 
oxygen.  Measurement  and  calculation  show  x  =  3.  The  formula 
is  therefore  KCIO,,  and  the  equation  for  the  decomposition  (see, 
however,  under  Perchlorates) : 

KCIO,  ->  KQ  +  30. 

A  peculiarity  of  this  action  is  that  admixture  of  manganese  dioxide 
increases  very  markedly  the  speed  with  which  the  decomposition  of 
the  potassium  chlorate  takes  place.  Hence,  in  its  presence,  and  it  is 
generally  mixed  with  the  chlorate  in  laboratory  experiments  (Fig. 
16),  a  sufficient  stream  of  the  gas  is  obtained  at  a  relatively  low 
temperature  (below  200^  see  p.  55). 
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rhyaieal  rroperties  of  Oxygen.  —  Oxygen  reeembles  air  in 
being  a  colorless,  tasteless,  and  odorless  gas.  Its  density,  using  the 
physical  standard  of  air  «  1,  is  1.105.  If  hydrogen  is  the  standard, 
oxygen  is  15.900  times  (Mofley)  as  heavy.  One  liter  of  oxygen,  at 
0°  and  760  mm.  barometric  pressure,  weighs  1.42900  grams  (Morley). 
The  gas  dissolves  to  some  extent  in  water,  the  solubility  at  0^  being 


Fio.  16 

four  volumes  of  gas  in  one  hundred  volumes  of  water  (at  20^,  3  :  100). 
Liquid  oxygen,  which  was  first  made  by  Wroblewski,  has  a  pale-blue 
color,  and  boils  under  one  atmosphere  at  —  182.5^.  Its  specific 
gravity  at  —  182.5®  is  1.13  (water  =  1):  that  is  to  say,  1  c.c.  weighs 
1.13  g.  By  cooling  with  a  jet  of  liquid  hydrogen,  Dewar  froze  the 
liquid  to  a  snow-like,  pale-bluish  solid.  A  tube  of  liquid  oxygen  is 
very  noticeably  attracted  by  a  magnet. 

Chemical  BroperHes  of  Oxygen.  —  Sulphur,  when  raised  in 
advance  to  the  temperature  necessary  to  start  the  action,  unites 
vigorously  with  oxygen  (Fig.  17),  giving  out  much  heat  and  pro- 
ducing a  familiar  gas  having  a  pungent  odor  (sulphur  dioxide). 
This  odor  is  frequently  spoken  of  as  the  "  smell  of  sulphur,"  but  in 
reality  sulphur  itself  has  no  odor,  and  neither  has  oxygen.  The  odor 
is  peculiar  to  the  compound  of  the  two.  The  mode  of  experimenta- 
tion can  be  changed  and  the  oxygen  led  into  sulphur  vapor  throu^ 
a  tube.  The  former  then  appears  to  bum  with  a  bright  flame, 
giving  the  same  product  as  before.  For  the  formulae  and  equations 
for  this  and  the  following  actions,  see  next  section. 
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Warm  phosphorus  combines  with  oxygen  with  even  greater  vigor, 
and  forms  a  white,  powdery,  solid  compound  (phosphoric  anhydride), 
which  absorbs  moisture  from  the  aqueous  vapor 
in  the  air  and  quickly  forms  a  solution  in  this 
water.  In  both  these  cases  the  products  differ 
from  oxygen,  not  only  in  odor  and  in  other 
physical  properties,  but  notably  in  that,  when 
shaken  with  water,  they  dissolve  and  interact 
to  form  acids  (see  below). 

Burning  carbon,  in  the  form  of  charcoal, 
glows  much  more  brightly  in  oxygen  than  in 
ordinary  air.  The  product  is  an  odorless  gas 
(carbon  dioxide).  When  this  gas  is  shaken 
with  "  lime-water, "  a  solution  of  calcium 
hydroxide Ca(OH)j  (g.v.,  and  seep.  71),  a  white 
precipitate  of  calcium  carbonate  CaCO,  is 
formed. 

Finally,  metallic  iron,  which  is  simply  rusted 
by  air  (diluted  oxygpn),  bums  in  pure  oxygen 
with  surprising  brilliancy.  Globules  of  a 
molt^i  product  fall  from  the  iron  and,  when  " 
they  have  cooled,  are  found  to  consist  of  a 
dark-gray  brittle  material,  which  we  recog- 
nize as  identical  with  blacksmith's  hammer 
scale  and  with  a  well-known  ore  of  iron  (magnetic  oxide  of  iron). 

The  results  of  a  long  series  of  experiments  like  the  above  enable 
us  to  summarize  the  chemical  propartiea  d  ozygen.  The  gas  unites 
directly  with  nearly  all  the  simple  substances,  and  often,  though  not 
always,  with  the  same  vigor  as  in  the  case  of  these  examples.  In 
the  case  of  one  or  two  elements,  such  as  gold  and  platinum,  the 
compounds  are  obtainable  by  double  decomposition,  and  not 
directly.  With  the  five  members  of  the  helium  group,  of  which  no 
chemical  compounds  are  known,  and  with  fluorine,  oxygen  does 
not  combine. 

Oxygen  can  unite  with  many  of  the  same  elements  when  they  are 
already  in  combination.  Wood,  for  example,  is  composed  of  carbon 
and  hydrogen,  with  a  certain  amount  of  oxygen.  When  previously 
heated,  it  is  decomposed,  and  the  constituents  unite  with  oxygen 
forming  carbon  dioxide  and  water. 


Flo.  17 
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The  Making  of  Equations  Again*  —  To  leam  the  exact  nature 
of  interactions  like  those  used  as  illustrations  above,  quantitative 
experiments  must  of  course  be  made.  Thus,  for  example,  a  known 
weight  of  sulphur  is  placed  in  a  porcelain  boat  (Fig.  18),  which  has 
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already  been  weighed.  The  U-shaped  tube  to  the  right  contains  a 
solution  of  potassium  hydroxide  which  is  capable  of  absorbing  the 
resulting  gas.  The  oxygen  enters  from  the  left.  When  the  sulphur 
is  heated,  it  burns  in  the  oxygen,  and  the  loss  in  weight  which  the 
boat  undergoes  shows  the  amount  of  sulphur  consumed.  The  gain 
in  weight  of  the  U-tube  shows  the  weight  of  the  compound  produced. 
By  subtracting,  we  get  the  quantity  of  oxygen.  The  proportion  of 
the  constituents  and  the  steps  in  the  calculation  (p.  41)  are  as 
follows: 

Percentage     At.  Wt. 
Sulphur,  50.05     =     32.06 

Oxygen,  49.95     -     IG.OO 

The  formula  of  the  product  is  therefore  SO,  and  the  equation  S  +  20 
->  SO,. 

Similarly,  phosphoric  anhydride  may  be  showTi  to  have  the  for- 
mula PjOj,  carbon  dioxide  COj,  and  magnetic  oxide  of  iron  FejO^. 
To  make  the  equations  representing  their  formation,  the  rules  given 
on  pp.  41-42  should  be  applied. 

To  make  the  equation  for  the  formation  of  oxygen  and  hausman- 
nite  by  heating  manganese  dioxide  (p.  46)  the  same  rules  are  used. 
The  skeleton  equation  is:  MnO,— *Mn304  4-  0.  These  being  the 
formulae  of  the  substances  actually  concerned,  in  balancing  the 
equation  it  is  not  permissible  to  alter  them  except  by  placing 
coefficients  in  front.  The  most  complex  formula  is  Mn304  and,  to 
get  a  sufficient  number  of  atomic  weights  to  produce  it,  at  least 
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3MnO,  is  required.  This  furnishes  3Mn  and  60,  so  that,  after  using 
40,  there  remains  20: 

3MnOa  ->  Mn,04  +  20. 

Oxides. — Substances  containing  one  element  in  combination  with 
oxygen  are  called  ozidoB,  and  processes  like  those  described  above  are 
called  oxidizing  processes,  or  oxidations.  When  the  same  element 
forms  more  than  one  oxide,  the  names  of  the  oxides  indicate  the 
differing  proportions.  Thus  we  have  barium  oxide  (or  monoxide) 
BaO,  and  barium  peroxide  (or  dioxide)  BaOj,  magnetic  oxide  of 
iron  FejO^,  ferrous  oxide  FeO,  and  ferric  oxide  FejO,.  In  cases  like 
the  last  two  the  terminations  -oils  and  -ic  applied  to  the  metcU  corre- 
spond to  the  smaller  and  larger  proportions  of  oxygen,  respectively, 
which  the  metal  is  able  to  hold  in  combination. 

Many  oxides,  like  those  of  iron,  are  almost  indifferent  to  water, 
but  others,  like  those  of  sulphur  and  phosphorus,  interact  with  it 
readily  (see  imder  Water).  Some  give  sour  solutions,  containing 
acids  dissolved  in  the  excess  of  water.  Such  solutions  turn  blue 
litmus,  a  vegetable  dye,  red.  Others  give  solutions  with  a  taste  like 
soap  or  borax,  and  here  the  dissolved  substance  is  called  a  base  (g.v.), 
and  turns  litmus  blue.  Thus  sulphur  dioxide  and  phosphoric  anhy- 
dride give  sulphurous  acid  and  phosphoric  acid  respectively: 

SO,  +  HjO  ;=±  HjSO, 
PA  +  3H,0  ->  2H,P04.* 

If  the  product,  to  whichever  class  it  belongs,  is  not  volatile,  it  may 
be  obtained  by  evaporating  the  excess  of  water.  In  the  case  of 
sulphurous  acid,  the  above  action  is  reversed  by  evaporation  and  the 
sulphur  dioxide  and  water  both  pass  off;  in  that  of  phosphoric  acid, 
the  white  crystalline  acid  is  obtained.  In  consequence  of  their  rela- 
tion to  the  acid,  differing  from  it  in  not  containing  the  elements  of 
water,  these  oxides  are  often  called  anhydrides. 

Combustion.  —  Violent  union  with  oxygen  is  called  in  popular 
language  eombiistion  or  burning.  Yet  since  oxygen  is  only  one  of 
many  gaseous  substances  known  to  the  chemist,  and  similar  vigorous 
interactions  with  these  gases  are  common,  the  term  has  no  scien- 

^  Here  summation  of  the  formuls  on  the  left  would  give  K^Pfi^,  but  in 
■ueh  cases,  unless  there  are  reasons  to  the  contrary,  the  common  factor  is  put 
in  front  and  the  formula  reduced  to  its  lowest  terms. 
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tific  significance.  The  union  of  iron  and  sulphur,  even,  ^ves  out 
light  and  heat,  and  is  quite  similar  in  the  chemical  point  of  view  to 
combustion. 

In  connection  with  this,  however,  it  may  be  worth  while  to  notice 
the  distinction  between  combustible  and  incombustible  substances. 
Things  which  are  incombustible  may  be  divided  into  two  classes. 
There  are  those  substances  which  already  contain  all  the  oxyg^ 
which  they  can  hold  in  combination.  Such  are  the  oxides  whose 
formation  we  observed  in  the  experiments  described  above.  In 
everyday  life,  limestone,  sand,  bricks,  and  most  rocks  are  illustra- 
tions. The  other  substances  ordinarily  classed  as  incombustible  are 
those  which  do  not  unite  with  diluted  oxygen,  as  it  is  found  in  the 
air,  with  sufficient  vigor.  The  iron  used  in  the  construction  of 
fireproof  buildings  is  the  commonest  example  of  this  class. 

Oxi€UUion.  —  The  rusting  of  metals  differs  from  combustion 
mainly  in  speed.  Often  the  products  are  identical  in  composition 
and  properties  with  the  oxides  formed  by  combustion.  In  the  case 
of  iron,  burning  gives  us  the  magnetic  oxide  (FcjOJ,  while  rusting 
in  cold,  moist  air  yields  a  hydrated  ferric  oxide  (FcjO,  +  Aq*). 
The  products  differ  in  composition,  but  are  closely  related. 

This  process  of  slow  oxidation,  although  less  conspicuous  than 
combustion,  is  really  of  greater  interest.  Thus  the  decay  of  wood  is 
simply  a  process  of  oxidation  whereby  the  same  products  are  formed 
as  by  the  more  rapid  ordinary  combustion.  Large  volumes  of  pure 
water  are  mixed  with  sewage,  the  object  being,  not  simply  to  dilute 
the  latter  but  to  introduce  water  containing  oxygen  in  solution. 
This  has  an  oxidizing  power  like  that  of  oxygen  gas,  and,  throu^ 
the  agency  of  bacteria,  quickly  renders  dissolved  organic  matters 
innocuous  by  converting  them  for  the  most  part  into  carbon  dioxide 
and  water.  In  our  own  bodies  we  have  likewise  a  familiar  illustra- 
tion of  slow  oxidation.  Avoiding  details,  it  is  sufficient  to  say  that 
the  oxygen  from  the  air  taken  into  the  lungs  combines  with  the 
haemoglobin  in  the  red  blood-corpuscles.  In  this  form  of  loose 
combination,  it  is  carried  by  the  blood  throughout  our  tissues  and 

*  The  formula  11,0  may  not  be  used  excepting  to  indicate  a  definite  pro- 
portion of  the  elements  of  water  (IS  parts).  Where  the  proportion  varies 
according  to  drcumstanoes,  as  here  and  in  the  case  of  solutions,  the  contrao- 
tion  Aq  is  employed. 
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■  there  used  for  oxidizing  waste  materials.    The  carbon  dioxide  is 

Tied  baL'k  to  the  lungs  by  the  blood,  and  finally  reaches  the  air 

touring  exhalation.    To   supply   the  place   of   the   material   thus 

moved,  we  are  under  the  continual  necessity  of  building  new  tissue 

xtm  the  food  which  we  eat.     If  we  cease  to  eat,  we  become  lighter 

ind  weaker,  showing  that  a  real  portion  of  our  structure  is  gradually 

eing  consumed  by  oxidation. 
The  opposite  of  oxidation,  the  removal  of  oxygen,  is  spoken  of  in 

diemistry  as  reduction. 

Meant  of  Altering  fft«  Speed  of  a  Given  ChemUMl  Action  t 

Bff  Change  of  Temperature.  —  That  the  same  change  may  pro- 
i  with  very  different  speeds  according  to  conditions  is  a  familiar 
For  example,  loUlng  tha  tampcratora  incraaaei  the  raptdity  ol  all 
iamical  intaractlotu.  Thus,  cold  iron  combines  with  oxygen  very 
*dowly,  giving  rust,  while  white-hot  iron  sheds  quantities  of  scales  of 
an  oxide,  formed  in  the  few  moments  that  it  is  imder  the  blacksmith's 
hammer.  White-hot  coal  unites  with  oxygen  in  the  air  to  form 
carbon  dioxide  and  seems  to  disappear  before  our  eyes,  whUe  in  the 
cellar,  even  in  warm  weather,  we  observe  no  appreciable  diminution 
in  its  amount.  No  temperature  can  be  found,  however,  at  which 
the  interaction  definitely  begins.  We  believe  that  every  such 
change  proceeds  with  some  speed  at  every  temperature. 

If,  on  bringing  two  materials  together,  the  chemist  observes  no 
marks  of  chemical  action,  he  immediately  begins  cautiously  to  keat 
the  mixture.  This  appeal  to  the  magnifying  effect  of  a  rise  in  tem- 
perature is  always  made  as  a  matter  of  course. 

The  common  expressions  used  in  chemistry  in  describing  temper- 
atures, along  with  the  corresponding  readings  of  the  thermometer, 
are  as  follows; 

Yellow  heat,  about  1100°. 

Beginning  whit«  heat,     "      1300°. 
White  heat,  "      1500". 


Incipient  red  heat,  about  525°. 
k  red  heat,  "     700°. 

*t  red  heat,  "    950°. 


t  Setf-auatatntng  Chemical  Acttttn  and  Mean»  of  Ini- 

Ung  it.  ~—  When  a  piece  of  wood  is  set  on  fire  at  one  end,  the  heat 
>duced  by  the  action  itself  rui.'«e8  the  temperature  of  neighboring 
rtions  until  their  speed  of  union  becomes  equal  to  that  of  the  part 
Ipaally  lighted.     In  this  way  the  whole  becomes  finally  inflamed. 
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When  we  blow  the  blaze  out,  the  great  excess  of  cold  air  suddenly 
lowers  the  temperature  of  the  wood,  and  of  the  gas,  rising  from  it,  and 
rapid  imion  ceases.  Whether  a  given  set  of  materials  can  maintain 
itself  at  a  temperature  proper  to  violent  interaction  will  depend  on 
the  amount  of  heat  developed  by  the  action  itself  on  the  one  hand, 
and  the  losses  of  heat  by  conduction  and  radiation  on  the  other.  If 
the  latter  are  great,  the  former  must  be  greater.  Thus  the  union  of 
iron  and  oxygen  per  se  gives  heat  enough  to  warm  the  materials  to 
the  burning  temperature  and  leaves  much  over  for  radiation.  But 
iron  in  air,  which  is  four-fifths  nitrogen,  can  receive  the  oxygen  only 
one-fifth  as  fast  at  the  start,  and  even  more  slowly  as,  later,  the 
nitrogen  accumulates  round  it.  And  besides,  all  the  nitrogen  has 
to  be  heated  to,  perhaps,  2000°.  The  task  is  too  great.  The  imion 
is  impeded  and  the  iron  is  not  oxidized  fast  enough  to  generate  the 
heat  required  to  maintain  everything  at  this  high  temperature. 
Poor  conductors  of  heat,  like  wood  and  candles,  fare  better.  Pow- 
dered iron,  with  its  particles  presenting  large  surface  to  the  air 
relatively  to  the  weight  of  material  in  each  particle  to  be  heated, 
burns  well. 

The  initial  supply  of  heat  required  to  start  a  violent  chemical 
action  must  not  be  confused  with  the  heat  subsequently  developed 
as  the  action  proceeds.  The  preliminary  supply  varies  with  circum- 
stances, and  may  be  made  as  small  as  we  choose  by  limiting  the  area 
first  heated  and  using  ordinary  precautions  against  radiation  and 
convection.  The  heat  produced  by  the  interaction  itself,  however,  is 
fixed  in  amount,  and  depends  only  on  the  materials  and  their  quantity. 

Heating  is  not  the  only  means  used  to  give  the  initial  acceleration 
to  a  self-sustaining  chemical  change.  Thus  in  striking  a  match  a 
rather  violent  vibration  is  employed  to  hasten  the  torpid  action  in 
a  small  part  of  the  material,  and  the  heat  produced  by  the  resulting 
action  quickly  ignites  the  whole.  The  same  explanation  accounts 
for  the  explosion  of  gun-cotton  by  a  percussion  fuse. 

Other' Mean8  of  Altering  the  Speed  of  a  Given  ChemiccU 
Change:  By  CatcUysis.  —  When,  without  any  change  in  tempera- 
ture, an  extra  substance  increases  the  speed  of  a  chemical  change, 
seemingly  by  its  mere  presence,  without  itself  suffering  any  perma- 
nent change,  we  call  this  catalytic  (Gk.  Kara,  down;  Xwri?,  the  act  of 
loosing)  or  contact  action.    The  word  was  originally  used  for  cases  of 
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decomposition.  The  foreign  body  is  called  the  catal3rtic  or  contact 
agent,  and  the  process  catalysis.  The  effect  of  manganese  dioxide 
on  the  decomposition  of  potassium  chlorate  (p.  47)  is  of  this  nature* 
When  some  of  the  chlorate  is  placed  in  a  test-tube,  provided  with  a 
two-hole  stopper  and  delivery  tube,  and  is  melted  carefully  so  as  to 
avoid  superheating,  scarcely  any  evolution  of  oxygen  can  be  per- 
ceived at  this  temperature  (351°).  If  now  a  pinch  of  pulverized 
manganese  dioxide,  hitherto  held  in  one  of  the  holes  of  the  stopper 
by  means  of  a  small  plug  of  glass  rodding,  be  dropped  into  the 
molten  mass  by  forcing  a  longer  rod  into  the  hole,  the  oxygen  is 
given  off  in  torrents  in  consequence  of  the  enormous  acceleration  of 
the  decomposition.  Yet  the  manganese  dioxide  may  be  recovered 
unchanged  from  the  residue.  Manganese  dioxide,  of  course,  will 
itself  give  oxygen  (p.  46),  but  the  decomposition  is  hardly  noticeable 
at  400°. 

Thertnochemiatry.  —  As  we  have  seen,  heat  is  liberated  in  con- 
nection with  many  chemical  changes  (pp.  6, 13,  49).  Such  changes 
are  called  exothermal.  In  other  chemical  changes  (pp.  8, 13, 46)  heat 
is  continuously  absorbed.  These  are  called  endothermal  changes. 
Since  the  activities,  or  affinities  of  two  substances  (say,  two  metals) 
may  often  be  measured  (p.  19)  by  observing  the  amounts  of  heat 
liberated  when  each  combines  with  a  third  substance  (say,  oxygen), 
it  will  be  instructive  now  to  consider  some  of  the  elementary  facts 
of  thermochemistry. 

The  chemical  interactions  to  be  studied  thermally  are  arranged  so 
that  they  may  be  carried  out  in  some  small  vessel  which  can  be 
placed  inside  another  containing  water.  The  whole  apparatus  is 
called  a  calorimeter.  The  heat  developed  raises  the  temperature  of 
this  water.  Where  gases  like  oxygen  are  concerned,  a  closed  bulb 
of  platinum  forms  the  inner  vessel.  The  quantity  of  heat  capable 
of  raising  one  gram  of  wat«r  one  degree  in  temperature,  between 
0°  and  100°  Centigrade,  is  called  a  calorie.  So  that  250  grams  of 
water  raised  1°  would  represent  250  calories,  and  20  grams  of  water 
raised  5°  would  represent  100  calories. 

While  in  physics  the  imit  of  quantity  is  the  gram,  in  chemistry 
the  unit  which  we  select  Is  naturally  that  represented  by  the  for- 
mula of  the  substance.  Thus,  the  heat  of  combustion  of  carbon 
means  the  heat  produced  by  combining  twelve  grams  of  carbon  with 
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thirty-two  grams  of  oxygen,  and  is  sufficient  to  raise  nearly  100,000 
grams  of  water  one  degree.    This  is  expressed  as  follows: 

C  4-  20  ->  COj  4-  100,000  cal. 

In  other  words,  the  combustion  of  less  than  half  an  oimce  of  carbon 
will  raise  one  kilogram  (over  two  pounds)  of  water  from  0°  to  the 
boiling-point. 

It  is  always  foimd  that  the  same  quantities  of  any  given  chemical 
substances  sustaining  the  same  chemical  change  imder  the  same  con- 
ditions produce  or  absorb,  according  as  the  action  is  exothermal  or 
endothermal,  amounts  of  heat  which  are  equal. 

The  rate  at  which  a  given  chemical  action  is  allowed  to  take  place 
has  no  influence  on  the  total  amoimt  of  heat  consumed  or  produced. 
It  may  not  at  first  sight  appear  obvious  that  rusting  evolves  heat, 
but  a  delicate  thermometer  will  show  that  a  heap  of  rusting  nails  is 
somewhat  higher  in  temperature  than  surrounding  bodies.  Poor 
conductors,  like  oily  rags  and  ill-dried  hay,  show  a  tendency  to  spon- 
taneous combustion  owing  to  accumulation  of  the  slowly  developing 
heat  of  oxidation.  The  warmth  of  our  own  bodies  is  in  part  due  to 
the  same  cause. 

It  should  be  noted  that  production  or  absorption  of  heat  is  not, 
in  itself,  an  evidence  of  chemical  action.  Physical  changes  are  all 
likewise  accompanied  by  the  same  phenomena.  Thus,  the  evapora- 
tion of  water  absorbs  heat,  and  condensation  of  a  vapor  and  the 
crystallization  of  a  supercooled  liquid  liberate  heat. 

Exercises.  —  1.  Enumerate  other  instances,  already  encount- 
ered, of  the  use  of  the  terminations  ous  and  ic  to  distinguish 
different  degrees  of  oxidation.  For  what  other  purposes  have 
the  same  terminations  been  used? 

2.  What  difference  in  composition  between  potassium  chlorwte  and 
chloral  are  the  terminations  designed  to  indicate?  Applying  the 
same  idea,  how  would  ferrous  sulpha/c  (g.r.)  differ  from  ferrous 
sulphide,  and  cupric  sulphate  from  cupric  sulphide? 

3.  Define  and  illustrate:  density  of  a  gas  (p.  48,  and  see  p.  61), 
specific  gravity  of  a  solid  or  liquid  (pp.  2,  23). 

4.  Enumerate  the  classes  of  facts  given  under  the  heads  of,  Phys- 
ical Properties,  and  Chemical  Properties  of  oxygen,  respectively 
(see  p.  75). 
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5.  Construct  the  equations  for  the  combustion  of  pboephorusi 
carbon,  and  iron  in  oxygen  (pp.  49,  50). 

6.  Whien  1  g.  of  sodium  bums  in  oxygen,  it  produces  1.7  g.  of  the 
oxide.    What  is  the  formula  of  the  latter,  and  the  equation  (p.  41)  ? 

7.  Which  are  the  components  (p.  22)  of  the  liquid  made  by  treat- 
ing phosphoric  anhydride  with  water?  Which  are  the  constituents 
(p.  51)  of  phosphoric  acid? 

8.  How  should  you  show  thlEit,  in  the  making  of  oxygen  from  a 
mixture  of  potassium  chlorate  and  manganese  dioxide,  the  latter 
remains  unchanged?  Which  properties  (p.  23)  are  you  employing 
for  this  purpose? 

9.  The  substances,  like  phosphorus  and  sulphur,  which  bum 
rapidly  in  ordinary  oxygen,  combine  very,  very  slowly  with  oxygen 
which  has  been  freed  from  moisture  by  careful  drying.  How  is  this 
effect  of  water  to  be  classified? 

10.  Discuss  the  union  of  iron  and  sulphur  (p.  6)  and  the  decom- 
position of  mercuric  oxide  (p.  7)  in  their  relation  to  the  explana- 
tions on  pp.  53-54. 

11.  How  many  calories  are  required  to  raise  500  g.  of  a  substance 
of  specific  heat  0.6  from  15*^  to  37*  (p.  65)? 

12.  The  combustion  of  1  g.  of  sulphur  to  sulphur  dioxide  develops 
2220  calories.    What  is  the  heat  of  combustion  of  sulphur  (p.  66)7 


CHAPTER  VI 


THX  MXUUBXHEHT   Or  QUAnTITT  IV   OABIS 

A  SPECIMEN  of  a  gas,  like  a  specimen  of  s  solid  or  a  liquid,  may  be 
weighed,  but  it  is  usually  easier  to  determine  the  quantity  of  the 
gas  by  (1)  measuring  its  volume,  and  at  the  same  time  (2)  noting  its 
temperature  on  a  thermometer  suspended  in  it  or  close  to  it,  and  (3) 
ascertaining  the  pressure  which  it  exercises. 

The  MeasuremeiU  of  the  Prefgure  of  a  Oas.  —  In  almost  all 
cases  the  earnest  way  to  take  account  of  the  pressure  of  a  gas  is  to 
place  it  in  an  apparatus  so  constructed  that  one 
boundary  of  the  volume  is  a  liquid.  The  appar- 
atus is  then  so  adjusted  that  the  surface  of  the 
liquid  in  contact  with  the  gas  iaai  the  same  level 
as  the  free  surface  of  the  liquid  which  is  exposed 
to  the  atmosphere.  The  equality  in  the  levels 
of  the  liquids  is  then  a  guarantee  that  the 
specimen  of  gas  and  the  atmosphere  are  exercis- 
ing equal  pressures  on  the  liquid.  At  this 
stage  the  volume  of  the  gas  is  measured,  and 
simultaneously  the  pressure  of  the  atmosphere 
and,  therefore,  of  the  gas,  is  ascertained  by 
reading  the  barometer. 

The  barometer   (Fig.   19)  consists  of  a  bent 

tube    containing    mercury.     The    short    limb 

n  (to  the  left)  is  open  and  the  pressure  of  the 

U      atmosphere  is  exercised  on  the  surface  of  the 

I mercury  there.     The  louRer  liml)  (to  the  right) 

Az;         ~  '    -1  is  closed  at  the  top  and  in  it  there  is  no  gaa 

above  the  mercury.     When  the  tube  is  inclined, 
the  surface  of  the  mercury  in  the  longer  limb 
endeavors  to  retain  the  same   vertical   height 
above  the  lower  surface  and  consequently  rises,  and,  with  sufficient 
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inclination,  will  retich  entirely  to  the  top  of  the  tube.  The 
downward  pressure  of  the  mercury  on  the  right,  above  the  dotted 
line,  is  exactly  equal  to  the  pressure  of  the  atmospliere  on  the  tree 
surface  of  the  mercury  at  the  same  level.  The  amount  of  the  latter 
pressure  is  proportional  to  the  length  of  the  column  of  mercury  above 
the  dotHnl  line.  Hence,  reading  the  height  at  which  the  mercury 
stands  above  the  free  surface  pves  us  a  measure  of  the  pressure  of  the 
atmosphere  and  of  any  specimen  of  gas  which  is  at  the  same  pressure. 

This  is  called  the  uncorrecUd  reading.  It  is  immediately  reduced 
to  the  reading  wluch  would  have  been  made  if  the  barometer  and  its 
mercury  had  been  at  df  (corrected  readirig),  by  noting  the  temperature 
on  the  adjacent  thermometer  and  subtracting  from  the  uncorrected 
ling  the  neceSiiary  correction  (Table  of  oonections,  C,  Fig.  19). 

For  example:  the  volume  of  gas,  after  adjustment  to  atmospheric 
is  200  C.C.  and  its  temperature  17°.  The  uncorrected  baro- 
metric reading  is  744  mm.  with  the  barometer  (perhaps  in  a  different 
room  from  the  gas)  at  15°.  The  correction  is  —  2.0  mm.  The  cor- 
rected reading  is  therefore  742  mm. 

Finally,  since  the  atmospheric  pressure  varies  from  day  to  day, 
the  volume  at  the  observed  pressure  is  corrected  to  that  which  the 
same  quantity  of  gas  would  have  occupied  at  the  stantiard  pressure 
of  760  mm.  of  mercury.  By  careful  mea.«urements,  Bo^la  (1660) 
found  that  the  volumea  occupied  by  the  same  auuple  of  any  gas  are 
iDveiMly  proportional  to  the  pressures  at  each  volume. 

The  illustration  just  given  will  ehow  how  this  additional  correction 
is  applied.  There  were  200  c.c,  of  the  gas  at  17°  and  742  mm. 
(corr.).  The  question  is:  \\Tiat  would  I30  the  volume  of  thb  amount 
of  gas  at  760  inm.7  At  this  new  pressure  (760  mm.)  which  is  greater 
than  the  old  pressure  (742  mm.),  the  volume  will  Iwcome  teas. 
Hence  we  change  the  volume  in  the  proportion  of  these  pressures, 
placing  the  amalter  number  in  the  miineraior,  so  as  to  get  a  smaller 
volume  as  the  answer:  200  x  m  =  volume  at  760  mm.,  =  195.3  c.c. 
If  wo  wislieil  to  convert  100  c.c.  at  775  mm.  to  760  mm.,  we  should 
reaflon  that  the  new  pressure  was  smaller,  and  the  volume  would 
become  greater,  and  should  therefore  place  the  larger  numljer  (775) 
in  the  numerator  wi  as  to  pet  a  larger  volume  for  the  answer. 

Thr  Correction  of  tht-  f'ohime  of  a  Oat  for  Temperature,  — 

e  same  sample  of  gas  will  occupy,  when  lieate<^I,  a  larger  volume, 

eI  when  cold,  a  smaller  volume  than  before.    The  chaiige  in  volume 
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for  each  degree  Centigrade  is  ^j^  of  the  volume  of  the  same  sample 
at  (f.  To  simplify  the  calculation  we  begin  by  converting  the  tem- 
perature to  the  absolute  scale  by  adding  273^  to  each  temperature: 
The  Tohunes  assumad  by  a  sample  of  gas  at  different  temperatures,  the 
pressure  remaining  constant,  sre  in  the  same  proportion  as  the  correspond- 
ing absolute  temperatures  (Ohsrles,  1787).  If  the  volume  remains 
constant,  then  the  pressure  changes  in  the  same  proportion. 

In  the  illustration  used  above,  there  were  200  c.c.  of  gas  at  17^, 
and  it  is  required  to  know  the  volume  at  0°.  We  add  273  algebra- 
ically to  each  temperature,  and  the  question  becomes:  There  are 
200  c.c.  of  gas  at  290®  Abs.,  what  will  be  its  volume  at  273®  Abs.? 
The  volume  changes  in  the  direct  ratio  of  the  temperatures.  The 
new  temperature  is  lotoer  than  the  old,  and  the  new  volume  will 
therefore  be  smaller  than  the  old.  Then  200  X  Hi  ""  volume  at 
0®  (273®  Abs.)  =  188.27  c.c. 

The  above  laws  are  usually  applied  to  any  example  simultaneously. 
Thus,  200  c.c.  of  gas  at  742  mm.  pressure  (corr.)  and  17®  become 
200  X  H?  X  Hi  =  183.8  c.c.  at  0®  and  760  mm. 

Mixed  CUisea:  Aqueous  Tension.  —  Two  gases  at  the  same 
temperature,  provided  they  do  not  interact  chemically,  do  not  inter- 
fere with  each  other's  pressures  when  mixed.  Thus,  if  they  are  forced 
into  the  same  volume,  the  pressure  of  the  mixture  is  equal  to  the 
smn  of  those  of  the  components  (Dalton's  law,  1807).  The  gases 
are  therefore  still  thought  of  individually,  and  the  share  which  each 
gas  has  in  the  total  pressure  is  called  its  partial  pressure.  This,  like 
any  other  gaseous  pressure,  is  proportional  to  the  concentration  of 
the  particular  gas  in  the  mixture. 

For  example,  a  gas  measured  over  water  contains  water  vapor. 
The  partial  pressure  of  this,  called  the  aqueous  tension  (q.v.),  which 
is  definite  for  each  temperature,  must  be  subtracted  from  the  total 
pressure.  The  remainder  is  the  partial  pressure  of  the  gas  being 
measured,  and  this  remainder  is  used  as  the  pressure  of  this  gas  in 
any  calculation.  Thus,  in  a  gas  measured  over  water  at  22®,  the 
total  pressure  includes  19.7  mm.  (the  aqueous  tension  at  22®)  pressure 
of  water  vapor.  Hence  150  c.c.  of  gas  over  water  at  22®  and  750 
mm.  is  the  same  in  amount  as  150  c.c.  of  the  same  gas  in  dry  condi- 
tion at  22®  and  730.3  mm.  (there  being  simply  150  c.c.  of  water 
vapor  at  19.7  mm.  mixed  with  it).  To  obtain  the  volume  of  dry  gas 
at  0®  and  760  nmi.  we  have  the  expression  150  x  }H  x  Vft'  • 
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DenHHes  of  OiMes.* — The  deiisity  of  a  gas  is  the  mass  of  1  c.c. 
of  the  gas  at  0^  and  760  mm.  pressure.     Sometimes  the  weight 
of  one  liter  (1000  c.c.)  is  called  the  density.    Often  the  relative 
weight  of  the  gas,  the  weight  of  an  equal 
volume  of  air,  or  oxygen,  or  hydrogen  being 
taken  as  unity,  receives  the  same  name. 

The  most  direct  method  of  measming  the 
density  of  a  gas  is  to  employ  a  light  flask 
provided  with  a  rubber  stopper  and  stopcock 
(Fig.  20).  By  means  of  an  air-pump  the 
contents  of  the  flask  are  removed,  and  it  is 
weighed.  This  gives  the  weight  of  the  empty 
vessel.  The  gas,  whose  density  is  to  be  ascer- 
tained, is  then  admitted,  and  care  is  taken 
that  it  finally  fills  the  flask  at  the  pressure  of 
the  atmosphere.  The  flask  is  closed  and 
weighed  again.  The  increase  represents  the 
weight  of  the  gas.  At  the  same  time  the 
temperature  and  barometric  pressure  are 
read.  The  volume  is  determined  by  dis- 
placing the  gas  once  more  from  the  flask, 
filling  with  water,  and  weighing  again.  The  difference  in  weight 
between  the  empty  flask  and  the  flask  full  of  water,  in  grams, 
represents  the  volume  of  the  content  of  the  flask  in  cubic  centi- 
meters. This  volume  is  reduced  to  0®  and  760  mm.  by  the  rules 
discussed  above,  and  we  have  then  a  volume  of  the  gas  and  the 
corresponding  weight. 

To  illustrate,  let  us  suppose  that  the  volume  of  the  flask  is  200  c.c. 
and  that  it  is  filled  with  oxygen  at  17®  and  742  mm.  The  weight 
of  the  gas  is  found  to  be  0.26  g.  We  ascertained  (p.  60)  by  calcula- 
tion that  at  (f  and  760  mm.  this  volume  would  be  183.8  c.c.  The 
weight  of  a  liter  is  given  by  the  proportion  183.8  :  0.26  : :  1000  :  x. 
Here  x  =  1.415  g.  When  the  operation  is  performed  carefully,  and 
the  weighing  carried  to  the  nearest  milligram  instead  of  the  nearest 
centigram,  a  result  more  nearly  approaching  the  exact  one  (1.429) 
may  easily  be  reached. 

To  get  the  density  of  oxygen  referred  to  hydrogen  as  unity,  we 

*  The  subjects  of  this  section  are  not  actually  used  until  Chapter  zii  (on 
Molar  Weights)  Ib  reached. 
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must  divide  the  answer  by  the  weight  of  a  liter  of  hydrogen  (0.08987 
g.).  In  the  above  case  the  quotient  is  15.74.  The  accepted  value 
is  15.90.  The  density  referred  to  air  as  unity  is  similarly  obtained 
by  dividing  by  1.293,  the  weight  of  a  liter  of  air  at  0°  and  760  mm. 
pressure. 

By  using  a  modification  of  the  flask  just  described,  it  is  possible  to 
ascertain  the  weights  of  known  volumes  of  the  vapors  of  liquids  and 
solids.  A  temperature  suflSciently  high  to  vaporize  the  substance 
must  be  employed.  The  volume  is  reduced  by  rule  to  0®  and  760  mm. 
and  the  density  (in  this  case  known  as  the  vapor  density)  is  calculated 
as  before.  The  reduction  to  0®  and  760  mm.  pressure  by  rule  gives, 
of  course,  a  fictitious  result.  The  vapor  would  condense  to  the  liquid 
form  before  0®  was  reached,  if  the  cooling  were  actually  carried  out. 
But  the  value  for  the  density  as  it  would  he  at  0®  and  760  nun.  has  to 
be  calculated  to  facilitate  comparison  with  the  corresponding  values 
for  other  substances.  The  results  have  no  physical  significance,  but 
are  highly  important  to  the  chemist. 

Exercises.  —  The  foregoing  cannot  be  understood  unless  some 
problems  involving  the  laws  of  gases  are  actually  worked. 

1.  Reduce  189  c.c.  of  gas  at  15°  and  750  mm.  to  QP  and  760  mm. 

2.  Reduce  1 10  c.c.  of  gas  at  —  5*^  and  741  mm.  to  (f  and  760  mm. 

3.  Convert  500  c.c.  of  gas  at  25°  and  700  mm.  to  18°  and  745  mm. 

4.  Reduce  250  c.c.  of  gas  (standing  over  water)  at  22°  and  755 
mm.  to  the  dry  condition  and  to  0°  and  760  nun. 

5.  The  density  of  a  substance  referred  to  air  is  3.2.  What  is  the 
density  referred  to  hydrogen?  What  will  be  the  volume  occupied 
by  10  g.  of  the  substance  at  20°  and  752  mm.? 


CHAPTER  VII 
H7DBOOSN 

In  each  chapter  dealing  with  the  chemistry  of  some  substance  the 
same  topics  are  always  discussed  in  the  same  order,  namely,  History, 
Occurrence,  Preparation,  Physical  properties,  and  Chemical  proper- 
ties. Additional  sections  dealing  with  special  topics  are  inserted 
when  necessary. 

The  independent  nature  of  hydrogen  was  first  established  by 
Cavendish  in  1766.  Somewhat  later  (1781),  he  showed  that  hydro- 
gen when  it  burned  gave  water  vapor.  Taken  in  conjunction  with 
Lavoisier's  proof  that  oxygen  was  the  active  substance  in  the  air 
(1777),  this  fact  showed  that  water  was  a  compound  of  hydrogen 
(Gk.  v&op,  water;  yenw,  to  produce)  and  oxygen. 

Occurrence*  —  The  free  element  is  found,  mixed  with  varying 
proportions  of  other  gases,  in  exhalations  from  volcanoes,  in  pockets 
found  in  certain  layers  of  the  rocknsalt  deposits,  and  in  some  mete- 
orites. The  air  contains  not  more  than  one  part  in  30,000.  Its  lines 
are  very  prominent  in  the  spectra  of  the  sim  and  of  most  stars. 

In  combination,  it  constitutes  about  11  per  cent  of  water.  It  is  an 
essential  constituent  of  all  acids.  It  is  contained  also,  in  combina- 
tion with  carbon,  in  the  components  of  natural  gas,  petroleum,  and 
all  animal  and  vegetable  bodies. 

Acids.  —  In  making  hydrogen,  the  acids  are  used  almost  exclu- 
sively. The  common  acids  are  hydrochloric  acid  (HCl,  Aq),  and 
sulphuric  acid  (HjSOi,  Aq).  The  usual  forms  are  mixtures  con- 
taining water,  the  variable  amount  of  the  latter  being  indicated  by 
the  symbol  Aq.  The  former  is  a  solution  of  a  gas,  hydrogen  chloride. 
The  "  pure  concentrated  "  hydrochloric  acid  used  in  laboratories 
contains  nearly  as  much  of  the  gas  (39  per  cent  by  weight)  as  the 
water  can  dissolve.  The  "commercial"  acid  contains  impurities 
and  is  also  less  concentrated.  The  "  concentrated  "  sulphuric  acid 
18  an  oily  liquid  containing  practically  no  water.    The  '^  commer- 
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cisl  "  Bul|diuric  acid  contains  6  to  7  per  cent  of  water,  besideB  impuri- 
ties. Acetic  acid  (HC,H,0„  Aq)  is  a  solution  of  a  liquid  in  water. 
All  the  "  dilute  "  acids  contain  70  to  80  per  cent  of  water.  The 
water,  as  a  rule,  takes  no  part  in  the  chemical  changes  in  which  the 
adds  are  concerned,  and  is  therefore  omitted  from  the  equations. 

The  name  "  acid  "  is  restricted  to  one  class  of  substances  having 
col^ain  definite  characteristics.  Hydrogen  is  the  one  essential  con- 
stituent of  all  acids.  Their  aqueous  solutions  have  a  sour  taste  and 
change  the  color  of  litmus  from  blue  to  red.  When  free  from  water 
they  do  not  conduct  electricity.  When  dissolved  in  water  they  con- 
duct, and  are  decomposed  by  the  electric  current,  and  their  hydrogen 
(or  one  unit  weight  of  it  in  the  case 
of  acetic  acid]  is  displaced  by  certain 
metals. 

In  describing  the  chemical  be- 
havior of  acids,  we  speak  of  the 
hydrogen  as  the  poslttv*  ndlcal, 
because  in  electrolysis  it  is  attracted 
to  the  negative  pole,  and  of  the 
material  combined  with  the  hydrogen 
as  the  nagatlva  radical  because  it  is 
attracted  to  the  positive  pole.  Thus 
the  negative  radicals  in  the  above 
acids  are  CI,  SO^,  and  C]H,0„  respec- 
tively. The  first  (CI)  is  a  simple 
radical,  the  others  compound.  In 
many  interactions  the  compound 
radicals  move  as  units  from  one  state 
of  combination  to  another. 

Preparation  of  Hydrogen  by 
Eleetrolyais.  —  If  we  dissolve  any 
acid  in  water,  and  immerse  the  wires 
from  a  battery  in  the  solution, 
bubbles  of  hydrogen  begin  to  appear 
on  the  negative  wire  (the  cathode) 
and  rise  to  the  surface.  All  the  other  constituents,  whatever 
they  may  be,  are  attracted  to  the  positive  wire  (the  anode)  and 
are  set  free  in  some  form  at  its  surface.     An  apparatus  devised  by 
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Eofmann  (Fig.  21)  enables  us  to  secure  the  hydrogen,  which  ascenda 
on  the  left  and  accumulates  at  the  top  of  the  tube,  displacing  the 
aolution.  The  other  products,  if  gaseous,  occupy  a  separate  tube 
on  the  right  side.  In  a  typical  case  the  production  of  hydrogen 
ceases  when  the  acid  is  ail  decomposed.  The  water  alone  is  an 
almost  complete  nonconductor,  so  that  the  flow  of  the  electricity 
practically  ceases  at  the  same  time.  Thus  when  hydrochloric  acid 
is  used:  HCl  — »  H  (neg.  wire)  +  CI  {pos.  wire),  and  the  chlorine,  a 
soluble  gas,  remains  dissolved  in   the  water  near  one  pole   (see 

■Mectrolysis). 

B   FreparatUm  of  Hydrogen  by  DiapUtctment  from  DUutetl 

^Aeida.  —  Certain  metals,  Uke  zinc, 
iron,  and  aluminium,  when  placed 
in  a  dilute  acid,  combine  with  the 
radical  of  the  acid  and  so  liberate 
the  hydrogen.  The  acids  ma^  be 
dilyied  with  water  before  rapid  action 
occurs.  The  hydrogen  escapes  in 
bubbles,  and  evaporation  of  the 
remaining  liquid  gives  in  dry  form 
the  compound  of  the  metal  with  the 
other  constituents  of  the  acid.  Thus, 
with  zinc  and  sulphuric  acid,  zinc 
sulphate  is  produced: 

Zn  +  H^,  -» 2H  +  ZnSO,: 
uid    with    tin   or   aluminium    and 
hydrocldoric   acid  we  get  stannous 
chloride  or  aluminium  cliloride: 
8n  +  2HCi  -.  2H  +  SnCl,, 

rnn)  ISUnnolu  otJolide) 

Al  +  3HC1  -f  3H  +  AlC!,. 

The  water  undergoes  no  change  dur- 
ing the  action,  although  its  presence 
eseentiaJ.     It  is  simply  a  part  of 

apparatus.     Any  acid  may  be 

'   althaugh  with  many  the  action  goes  on  very  slowly.     In  all 

^  the  plan  of  the  action  is  the  same:  the  metal  is  said  to  displace 

hydrogen  (see  below). 
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With  a  Kipp's  apparatus  (Fig.  22)  the  gas  may  be  made  on  a 
large  scale  and  its  delivery  can  be  regulated.  When  the  stream  of 
gas  is  shut  off  by  the  stopcock,  the  pressure  of  the  gas,  as  it  con- 
tinues to  be  generated,  drives  the  acid  away  from  the  metal  and  up 
into  the  globe  above,  so  that  the  action  ceases.  Yet  the  action  is 
ready  to  begin  again  the  moment  any  portion  of  the  stored  gas  is 
drawn  off  for  use. 

A  rather  sharp  line  can  be  drawn  between  those  metals  which  dis- 
place hydrogen  from  dilute  acids  and  those  which,  like  mercury, 
silver,  and  gold,  do  not  (see  Electromotive  series,  also  footnote  to 
p.  24).  Contact  of  the  zinc  or  iron  with  an  inactive  metal,  like 
platinum,  forms  an  electrical  couple  and  hastens  the  interaction. 

BrepartMtion  of  Hydrogen  from  Water.  —  When  sodium,  one 
of  the  constituents  of  common  salt,  is  thrown  upon  water,  the  metal 
gradually  disappears  and  hydrogen  is  liberated  with  violent  effer- 
vescence. EiVery  one  of  the  metals  which  act  on  dilute  acids  will 
displace  hydrogen  from  water,  and  no  others  will  do  so.  The  more 
active  metals,  like  potassium  and  sodium,  which  would  act  with 
imcontrollable  vigor  on  dilute  acids,  displace  the  hydrogen  rapidly 
from  cold  water.  Magnesium  and  zinc  show  obvious  action  on  water 
at  100**  only,  and  are  much  assisted  by  contact  with  another  metaL 

In  all  cases  in  which  cold  or  boiling  water  is  employed,  the  hydro- 
gen of  the  water  is  not  completely  displaced.  The  metal  forms  an 
hydroxide,  such  as  sodium  hydroxide  or  magnesium  hydroxide: 

Na  +  H3O  -►  H  +  NaOH, 
Mg  4-  2H3O  ->  2H  4-  Mg(OH)j. 

With  sodium  the  resulting  solution  has  a  soapy  feeling  and  turns 
litmus  from  red  to  blue,  a  color  reaction  which  is  the  precise  opposite 
of  that  of  acids  (p.  51).  Substances  causing  these  two  effects  are 
called  alkalieSf  and  the  soapy  feeling  and  the  action  on  litmus  are 
testa  for  alkalies.  Evaporation  reveals  the  sodium  hydroxide,  the 
alkali,  as  a  white  solid. 

With  steam  at  a  red  heat,  metals  like  iron,  zinc,  and  magnesium 
interact  vigorously.  The  steam,  generated  in  a  flask,  enters  at  one 
end  of  the  tube  containing  the  metal  (Fig.  23),  and  the  hydrogen 
passes  off  at  the  other.  Since,  at  a  red  heat,  all  hydroxides,  except 
those  of  potassium  and  sodium,  are  decomposed  into  an  oxide  of  the 
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metal  and  water,  as,  forezBmple,Mg(OH),—*MgO  +  H^O,  theoxMJM 
are  formed  in  this  ease: 

Mg  +  H,0-»MgO  +  2H. 
Iron  ffvea  the  magnetic  oxide,  Fe,0,.     We  note  that,  to  make  this 


substance  (pp.  41-42),  four  unit-weights  of  oxygen,  and  tberrfore 
four  formula-weights  of  water,  are  required: 

4H,0  +  3Fe  -*  Fe,0,  +  8H. 

2%«  Other  Way»  of  Preparing  Hydrogen.  —  For  special 
purposes,  hydrogen  may  be  made  by  boiling  an  aqueous  solution  of 
sodium  hyc^xide  with  aluminium  turnings,  when  sodium  aluminata 
is  formed:  Al  +  NaOH  +  H,0  -*  NaAlO,  +  3H;  also  by  beating 
powdered  sine  and  dry  sodiimi  hydroxide,  the  product  being  sodium 
sincate:  Zn  -t>  2NaOH  -» Na,ZnO,  +  2H. 

Freparaiion  of  Simple  Bvbetaneee.  —  There  are  two  general 
ways  of  obtaining  simple  substances,  both  of  which  have  now  been 
illustrated.  If  the  element  occurs  uncombined  in  nature,  as  oxygen, 
sulphur,  and  gold  do,  it  is  only  necessary  to  free  it  from  foreign 
materials  (impurities)  with  which  it  is  mixed.  If  no  such  supply 
exists,  as  in  the  case  of  hydrogen,  or  if  the  purification  is  difficult, 
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then  some  compound,  natural  or  artificial,  is  decomposed  and  the 
element  liberated. 

The  liberation,  in  turn,  may  be  effected  in  two  wajrs.  The  com- 
poimd  may  (1)  be  forced  apart  by  the  application  of  energy,  usually 
in  the  form  of  heat,  as  with  some  compounds  of  oxygen  (p,  46),  or 
electricity,  as  in  the  liberation  of  hydrogen  and  metals  by  elec- 
trolysis. Or  (2)  the  desired  constituent  may  be  liberated,  as  in 
the  case  of  hydrogen,  by  offering  to  the  other  constituents  some 
substance  with  which  they  will  imite. 

IHspUieenient.  —  We  now  have  before  us  illustrations  of  two  sub- 
varieties  of  the  third  kind  (p.  10.  See  footnote  to  p.  24)  of  chemical 
change,  the  one  in  which  compoimds  are  decomposed  and  the  parts 
combine  in  a  new  way.  The  first  sub-variety  was  doiMe  decomr 
position,  as  in  the  action  of  sodium  chloride  upon  silver  nitrate: 

NaCl  4-  AgNO,  ->  AgQ  4-  NaNO,. 

In  that  class  of  cases  two  compounds  interact,  each  splits  into  the 
radicals  of  which  it  is  composed,  and  two  new  compounds  are  formed 
by  union  of  the  radicals  crosswise.  The  actions  just  used  in  the 
preparation  of  hydrogen  differ  from  these,  inasmuch  as  one  compound 
and  one  element  interact,  the  compound  spUta  into  its  radioals,  and  one 
conq[K>nnd  and  one  free  element  are  produced: 

Zn  4-  H2SO4  ->  ZnS04  4-  2H, 
Zn  4-  2NaOH  ->  Na^ZnO,  4-  2H. 

The  interacting  element,  here  the  zinc,  is  said  to  displace  the  other, 
here  the  hydrogen,  from  combination.  In  double  decomposition 
there  is  an  even  exchange,  the  sodium,  for  example,  giving  up  one 
radical  (CI),  and  getting  another  (NOj).  In  displacement  one  ele- 
ment gains  a  radical  while  another  loses  it,  the  zinc,  for  example, 
giving  up  nothing  but  getting  SO4,  while  the  hydrogen  loses  SO4,  and 
gains  nothing  in  return. 

VcUenee,*  —  We  shall  gain  much  help  in  the  making  of  equations 
if  we  now  introduce  and  bring  into  relation  to  the  symbols  a  conoei>- 
tion  for  which  the  remarks  about  atomic  weights  (p.  36)  have  paved 
the  way.    It  will  have  been  observed  that  the  composition  of  the 

*  If  desired,  the  sections  on  Valenoe  may  be  taken  up  equally  well  after 
the  remaining  sections  of  this  chi^ter  have  been  studied. 
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chlorides  of  aluminium,  tin,  and  sodium  are  represented  by  the 
formula!  AlCl,,  SnCIj,  and  NaCI,  respectively.  Again,  the  hydroxide 
of  sodium  ia  NaOH,  while  those  of  magnesium  and  calcium  are 
Mg(OH),  and  CatOH)).  In  making  equations  we  constantly  need 
to  know  whether  the  chloride  of  an  element,  say  magnesium,  is 
MgCl,  or  MgClj,  or  MgCl,,  or  MgCI,,  etc.,  and  whether  its  sulphate  is 
Mg^O,,  or  MgjSO„  or  some  other  combination  of  the  sj-rabola.  To 
answer  questions  like  this  it  is  not  necessary  to  know  the  formula 
of  every  compound  of  each  element:  the  apparent  disorder  of  these 
numbers  can  be  reduced  to  rule,  and  the  reader  should  endeavor 
thoroughly  to  master  the  rule  before  going  farther. 

If  the  method  by  which  the  atomic  weights  were  derived  from 
equivalents  (p.  32)  is  now  reexamined,  the  nature  of  this  rule  will 
be  seen.  It  was  found,  for  example,  that  0.0-3  parts  of  aluminium 
(p.  36)  combined  with  the  equivalent  weights  of  the  other  elements, 
and  therefore  with  35.45  parts  of  chlorine.  If  this  weight  of  alumi- 
nium had  been  accepted  as  the  final  unit  (the  atomic  weight),  then 
it  would  have  been  represented  by  the  symbol  Al,  and,  since  CI 
stands  for  35.45  part«  of  chlorine,  the  formula  of  the  chloride  would 
have  been  AlCI.  In  point  of  fact,  however,  a  number  three  times  as 
large  as  the  equivalent,  namely,  27.1,  was  chosen  as  the  atomic 
weight  of  aluminium,  and  the  symbol  Al  stands  for  this  triple  quan- 
tity. If  the  equivalent  of  chlorine  had  also  been  tripled  in  making 
its  atomic  weight,  the  amounts  represented  by  the  symbols  would  still 
have  been  chemically  equivalent,  and  the  formula  would  still  have 
been  AlCI.  But  the  equivalent  of  chlorine  was  left  unaltered. 
Hence,  to  get  the  equivalent  amounts  {i.e.,  the  actual  combining 
quantities)  of  the  two  elements,  we  must  have  3C1  with  l.M.  The 
lormula  is  thus  AlCI,.  Now,  it  is  evident  that  this  tripling  of  the 
[uivalent  of  aluminium  will  affect  the  formula;  of  all  its  compounds, 
"lenever  it  is  combined  with  an  element  which,  like  chlorine,  has 
identical  equivalent  and  atomic  weights,  the  formula  of  the  com- 
pound will  be  of  the  form  AIX,.  In  accordance  with  this  we  have 
the  bromide  A]Brt.  In  making  the  formulie  of  compounds  of  alumi- 
sdum.  the  chief  thing  to  be  kept  in  mind,  therefore,  is  the  fact  that  ita 
~  imic  weight  contains  three  equivalents  and  always  combines  with 
equivalents  of  another  element.  This  fact  we  state  by  saying 
,t  the  TolsncA  of  the  atomic  weight  of  aluminium  is  three,  or  simply 
that  ttw  el«m«nt  alomlaioia  U  trlvolcnt. 
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Similarly,  the  equivaleiit  of  tin  is  59.5  and  its  atomic  wei^t  is 
119.  This  atomic  weight  therefore  contains  two  equivalents  of  tin 
and  combines  with  two  equivalents  of  any  other  element.  Hence, 
the  formula  of  a  compound  of  tin  with  an  element  of  the  chlorine 
class  will  be  SnX,.  Thus  tin  is  bivalent.  In  like  manner  the  equiva- 
lent of  sodium  is  23,  and  this  number  was  not  altered  in  making  the 
atomic  weight.  Hence,  the  symbol  Na  stands  for  one  equivalent, 
and  the  formula  of  the  compound  with  chlorine  is  NaCl.  Elements 
whose  atomic  weights  are  identical  with  their  equivalents  are 
described  as  univalent. 

Thus  the  valance  of  an  element  may  be  defined  as  the  number  of 
equivalent  weights  containad  in  its  atomic  weight.  Arithmetically 
it  is  the  integer  by  which  the  equivalent  weight  was  multiplied  in 
forming  the  atomic  weight.  The  above  explanation  shows  that  we 
may  define  the  valence  of  an  element  also  as  the  number  of  atomic 
weights  of  a  univalent  element,  with  which  its  atomic  weight  will 
combine. 

Sometimes  the  valence  is  indicated  in  the  symbol  thus:  Al*", 
Sn",  Na',  CP,  Br*.  The  table  of  atomic  weights  (p.  36)  shows  the 
foUowing  additional  cases:  0",  Cu",  S",  Hg*',  H',  Fe",  U^,  0\ 
With  the  help  of  this  list  the  formuIaB  of  compounds  may  easily  be 
made.  Thus,  oxygen  is  bivalent,  and  an  atomic  weight  of  oxygen, 
represented  by  O,  will  combine  with  two  atomic  weights  of  a  univa- 
lent element  as  in  0"H,'  (water),  or  with  one  atomic  weight  of  a 
bivalent  element  as  in  0"Sn"  (stannous  oxide),  C^Hg"  (mercuric 
oxide),  CCu"  (cupric  oxide),  0"Mg"  (magnesium  oxide).  Again, 
carbon  being  quadrivalent,  the  atomic  weight  combines  with  four 
units  of  chlorine  and  of  hydrogen  in  C^Cli'  (carbon  tetrachloride) 
and  C'^i'  (methane),  or  with  two  units  of  oxygen  and  of  sulphur 
in  C^Oj"  (carbon  dioxide)  and  C'^Sj"  (carbon  disulphide).  When 
it  combines  with  a  trivalent  element,  equal  numbers  of  equivalents 
of  each  element  must  be  used,  as  in  Cj'^Ali'"  (aluminium  carbide), 
where  C,  and  AI4  contain  twelve  equivalents  each.  This  method, 
with  a  very  few  exceptions,  will  give  the  formulae  of  all  compounds 
containing  only  two  elements  —  so-called  binary  compounds. 

The  Valence  of  BcidieaU.  —  The  valence  of  elements  can  easily 
be  determined  when  they  are  present  in  binary  combination.  This  is 
no  longer  the  case  when  more  than  two  elements  are  united  together. 
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A  study  of  chemical  cbangea  shows,  however,  that  even  here  the 
conception  of  valence  can  still  be  employed.     In  the  interaction  of 
liac  with  dilute  sulphuric  acid: 
■  Zn  +  HjSOj  -*  ZnSO*  +  2H 

*-the  group  SO,  passes  as  a  whole  from  combination  with  2H  to  com- 
bination with  Zn.  Hence,  although  we  cannot  by  inspection  deter- 
mine the  valence  of  sulphur,  we  do  perceive  that  the  radical  SO,,  as 
a  whole,  must  be  bivalent.  It  occurs,  in  fact,  in  all  sulphates,  as 
AgjSO,,  MgSO,,  and  AI,(SO,)„  and  in  the  interactions  of  these  sub- 
stances it  usually  passes  intact  from  one  state  of  combination  to 
another,  and  behaves  as  if  it  were  a  unit  of  a  single  element  of  valence 
two.  Again,  in  the  interaction  of  salt  with  silver  nitrate  (p.  40), 
we  observe  that  the  radical  NO,  is  univalent.  Still  agEun.  the  com- 
poaitioDS  of  the  compountls  CaCI,  and  Ca(OH)j  show  that  the  radical 
OH  (hydroxyl)  is  univalent.  The  formula  NaOH  leads  to  the  same 
conclusion. 

This  addition  to  our  ideas  enables  us  greatly  to  extend  the  liet  of 
substances  of  which  we  can  write  the  formute.  Thus,  the  hydroxides 
all  cont^n  (OH)',  e.g.  A1"'(0H),'  (aluminium  hydroxide),  Sn"(OH),' 
(stannous  hydroxide),  Cu'HOH),'  (cupric hydroxide).  Thenitrates 
all  contain  (NO,)',  as:  H'(NOJ'(nitric  acid),  Mg"(NO,),'  (magne- 
sium nitrate). 

It  is  to  preserve  the  identity  of  the  radicals  that  we  write  them 
in  brackets  and  place  the  coeiRcient  outnde,  as  Ca(OH),  and 
Mg(NOj);,  instead  of  using  the  forms  CaO,H„  MgNjO,,  and  so  forth. 
In  fact,  substances  which  commonly  interact  as  if  the  radicals  were 
ungle  elements,  we  regard  as  binary  compounds. 

In  writing  formute  of  inorganic  compounds  we  usually  place  the 
poflitivc  radical  (p.  64)  in  front  and  the  negative  radical  after  it. 


Bow  U>  Aae.ertaln  the  Valence  of  an  Element  or  Radlcat.  — 

The  above  shows  that  the  valence  of  one  element  or  radical  may 
always  be  ascertained  by  examination  of  the  formula  of  a  compound 
containing  another  element  or  ratlical  of  known  valence.  Thus, 
when  we  know  the  formula  of  sodium  iodide  to  be  Na'I,  or  that  of 
hydrogen  iodide  to  be  H'l.  wc  infer  that  iodine  is  univalent.  The 
formula  of  siUca  (sand)  SiO,"  shows  silicon  to  be  quadrivalent,  and 
indicates  that  the  chloride  must  be  SiCly    Similarly  the  formula  of 
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calcium  carbonate  Ca^CO,  shows  that  the  radical  CO,,  which  is 
common  to  all  carbonates,  must  be  bivalent.  Hence,  the  chemist 
does  not  memorize  the  valences  themselves;  he  racoven  the  yaleiiee 
of  an  element  or  radical,  when  needed,  by  recalling  the  fermola  of  a  sub- 
stance containing  this  element  or  radical  in  combination  with  a  more 
familiiur  element  or  radical,  such  as  CP  or  IF. 

It  is  absolutely  essential  that  correct  valences  should  be  used  in 
constructing  equations,  and,  at  first,  the  student  will  find  the  task 
by  no  means  easy.  He  should  give  special  attention  to  this  matter 
until,  by  solving  the  exercises  at  the  end  of  this  chapter,  and  by 
careful  examination  of  all  the  equations  encountered  in  the  text,  he 
has  mastered  the  subject. 

Multiple  Valence*  —  Some  elements  show  more  than  one  valence. 
This  is  as  much  as  to  say  that  an  atomic  weight  of  such  an  element 
may  form  stable  compounds  with  two,  or  even  more  different  num- 
bers of  equivalents  of  another  element.  This  fact  has  already  been 
mentioned,  for  it  is  implied  in  the  law  of  multiple  proportions  (p.  33). 
Thus  an  atomic  weight  of  tin  may  form  two  different  compounds  with 
chlorine,  namely,  Sn"Cl3  (stannot^s  chloride)  and  Sn'^Cl4  (stannic 
chloride).  Tin  behaves  in  the  same  way  towards  other  elements, 
however,  and  we  have  a  series  of  sidsinous  compounds,  SnO,  SnBr,9 
and  so  forth,  and  a  corresponding  series  of  stannic  compounds, 
SnOj,  SnBr^,  etc.  Two  different  valences  of  the  same  element  or 
radical  gives  rise  therefore  to  two  complete  sets  of  compounds.  The 
nomenclature  used  to  distinguish  the  two  series  has  been  discussed 
before  (p.  51).  As  a  rule,  an  element  passes  from  one  form  of  com- 
bination to  another  without  change  of  valence.  But  compounds  of 
elements  like  tin  can  also  undergo  changes  in  course  of  which  the 
valence  alters. 

0 

Physical  Properties  of  Hydrogen,  —  Some  of  these  may  be 
given  in  tabular  form: 

Colorless  Boiling-point,  —  252.5® 

Tasteless  and  Odorless  Melting-point  (58  mm.),  —  260® 

Wt.  of  1  1.,  0.08987  g.  Sol'ty  in  Aq,  1.9  vols,  in  100  (14®) 

Air  is  14.5  times  as  heavy,  hence  the  gas  may  be  poured  upwards 
and  is  used  for  filling  balloons.    A  liter  flask  filled  with  air  requires 
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about  1.2  g.  to  be  added  to  the  tare  to  restore  the  balance  when  the 
air  is  displaced  by  hydrogen.  Hydrogen  waa  first  liquefied  in  visible 
amounts  by  Dewar  (1898).  The  liquid  is  colorless,  and,  when 
allowed  to  evaporate  rapidly  under  reduced  pressure,  freezes  to  a 
colorless  solid.  All  other  gases  except  helium  (q.v.)  solidify  easily 
when  led  into  a  vessel  surrounded  by  liquid  hydrogen. 

Hydrogen  is  absorbed,  for  the  moat  part  in  a  purely  mechanical 
way,  by  many  metals.  Heated  iron  will  take  up  19  times  its  volume 
of  hydrogen,  gold  takes  up  46  volumes,  platinum  in  fine  powder  50 
volumes,  palladium  502  volumes,  and  silver  none.  The  maximum 
absorbed  by  palladium  under  favorable  conditions  is  873  volumes. 

Diffusion.  ^  If  a  volume  of  gas  is  inclosed  at  one  end  of  a  cylin- 
der, the  rest  of  which  is  entirely  empty,  and  is  suddenly  released 
from  this  confinement,  it  spreads  with  extreme  speed 
60  as  to  occupy  the  whole  of  the  cylinder  to  an  equal 
degree.  Tliis  spreading  ia  not  an  effect  of  gravitation, 
since  it  takes  place  upwards  oi-  downwards  with  equal 
celerity.  The  same  phenomenon  is  obser\'ed  when, 
in  everyday  life,  a  bottle  of  scent  is  opened.  The 
vapor,  on  escaping,  begins  to  penetrate  in  all  direc- 
tions through  the  room,  showing  its  presence  by  its 
odor.  The  motion,  as  this  instance  shows,  takes 
place  through  a  space  occupied  by  another  gas  more 
slowly  than,  but  juat  as  surely  as,  when  the  space 
is  empty.  The  material  of  gases  has  in  fact  an 
independent  power  of  locomotion.  The  resulting 
phenomenon  we  call  dlflualon.  It  is  constant  in  rate 
for  each  gas  under  like  conditions,  and  hydrogen  has 
the  greatest  speed  of  diffusion  of  all  the  gases. 

The  liifFerent  rates  of  diffusion  of  different  gases 
are  easily  shown  by  comparing  iheir  several  speeds 
with  that  of  air,  when  both  pass  through  a  wall  of  unglozed,  porous 
porcelain. 

The  porous  cylinder  A  (Fig.  24)  contains  air  and  is  connected  with 
a  wide  tube  which  dips  Iwnrath  the  surface  of  the  water.  Wlien  a 
cylinder  U  containing  hydrogen  is  brought  over  it,  rapid  escape  of 
gas  takes  place  through  the  water,  showing  that  a  rise  in  pressure  has 
taken  place  iuside  the  porous  vessel.     Before  the  cylinder  of  hydro- 
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gen  approached  it,  the  air  was  moving  both  outwards  and  inwards 
throu^  the  porcelain,  but,  being  the  same  air,  the  speed  of  motion 
was  equal  in  both  directions,  and  therefore  the  pressure  inside  was 
not  affected.  It  is  important  to  note  that  there  was  at  no  time  rest, 
there  was  simply  equal  motion  in  both  directions.  When  the  hydro- 
gen atmosphere  surrounded  the  cylinder,  the  hydrogen  gas  moved 
more  rapidly  into  the  cylinder  than  the  air  inside  could  move  out, 
and  hence  an  excess  of  pressure  quickly  arose  in  the  interior. 

EiXact  measurement  shows  that  the  Ughter  a  gas  is  in  bulk,  the 
faster  its  parts  move  by  diffusion  in  any  direction.  The  rate  is 
inversely  proportional  to  the  square  root  of  the  density  of  the  gas. 

Thus,  for  hydrogen  and  air  it  is  in  the  ratio  vT :  V.0695,  or  3.8  :  1. 

Chefnical  PraperHes  of  Hydrogetu  —  Hydrogen,  delivered 
from  a  jet,  bums  in  air  or  pure  oxygen.  A  cold  vessel  held  over  the 
almost  invisible  blue  flame  condenses  to  droplets  of  water  the  steam 
that  is  produced.  Although  the  flame  gives  Uttle  Ught,  it  is  exceed- 
ingly hot.  Platinum  melts  in  it  easily.  In  a  closed  space  it  pro- 
duces a  temperature  of  over  2500°.  When  hydrogen  and  oxygen 
are  mingled  in  a  suitable  burner,  and  the  flame  is  allowed  to  play 
on  a  piece  of  quicklime,  the  latter  becomes  white-hot  at  the  spot 
where  the  flame  meets  it.  This  result  is  called  a  calchim  li|^  or 
lime  light. 

When  hydrogen  and  oxygen  are  mixed,  the  chemical  action  is 
very  slow  at  ordinary  temperatures,  no  perceptible  amount  of  union 
occurring  in  a  period  of  five  years.  If  the  mixture  is  sealed  up  and 
kept  at  300°,  after  several  days  a  small  part  is  found  to  have  com- 
bined to  form  water.  At  518°,  hours  are  required  before  the  union 
is  complete.  At  700°  the  combination  is  almost  instantaneous. 
Hence  contact  with  a  body  at  a  bright-red  heat  (p.  53)  is  required 
actually  to  explode  the  mixture. 

Finely  divided  platinum,  when  held  in  the  cold  mixture,  hastens 
the  union  (otherwise  vanishingly  slow)  in  the  part  of  the  gases  in 
contact  with  it.  The  heat  of  the  union  raises  the  temperature  of 
neighboring  portions  and  causes  explosion  of  the  mass.  The  plati- 
num is  simply  a  catalytic  agent  (p.  54)  and  remains  itself  imaffected. 

Hydrogen  unites  directly  with  a  minority  only  of  the  simple  sub- 
stances. It  combines  rapidly  with  oxygen,  chlorine,  fluorine,  and 
lithium,  and  more  slowly  with  a  few  others. 


ETDROGEN 


When  these  elements,  especially  the  first  two,  are  already  in  com- 
bination, hydrogen  may  atiil  sometimes  displace  the  material  with 
which  they  are  united.  Thus,  when  any  one  of  the  oxides  of  iron  ia 
heated  in  a  tube  through  which  hydrogen  flows,  the  latter  combines 
with  the  oxygen  to  form  water,  and  the  metal  ia  liberated.  The 
skeleton  equation  (p.  42)  ia:  Fe,0,  +  H  —  HjO  +  Fe.  We  then 
reason  that  Fe,  will  give  3Fe.  Since  all  the  oxygen  is  removed 
from  the  compound,  0,  will  give  4HjO,  To  produce  this,  8H  is 
req  uired.     Hence : 

^FeaO,  +  8H  -.  4H,0  +  3Fe. 
s  ii 
mi! 
ox 


s  interaction  is  classed  as  a  displacement.  In  describing  it  the 
temist  would  also  say  that  the  hydrogen  has  been  oxidized  and  that 
B  oxide  of  the  metal  has  been  reduced  (pp.  52-53). 

Specific  Chemical  Properties.  —  If  the  foregoing  section  on  the 
chemical  properties  of  hydrogen  and  the  corresponding  section  under 
oxygen  {p.  48)  arenowreexamined,  the  nature  of  the  facts  contained 
in,  and  to  be  learned  from  such  a  section  will  be  seen.  Under  this 
head  we  describe  the  chemical  behavior  of  a  substance,  (l)enumerat- 
ing  the  other  substance,  simple  or  compound,  with  which  it  unites 
or  interacts,  (2)  stating  the  conditions  peculiar  to  each  action,  and 
(3)  estimating  the  intensity  of  the  tendency  to  chemical  change  in 
each  case.  In  the  case  of  a  simple  substance  like  oxygen  we  note 
particularly  with  how  many  of  the  other  elements  it  can  form  com- 
pounds, how  far  it  unites  with  them  directly,  and  in  how  many  cases 
the  compounds  have  to  be  made  by  indirect  means.  In  general, 
we  caU  those  simple  substances  activa  which  unite  with  many  other 
simple  substances  and  do  so  by  direct  union.  Oxygen,  for  example, 
is  active,  and  nitrogen  (q.v.)  is  relatively  inert. 

TTie  Speed  of  Chemical  Actions :  a  Means  of  Measuring  Ae- 
titltt/.  —  One  means  of  mpasuring  the  relative  chemical  aclivi- 
tie*  of  several  substances  is  to  observe  the  speed  with  which  they 
undergo  the  same  chemical  change  (p.  19).  Thus  we  may  compare 
the  activities  of  the  various  metals  by  allowing  them  separately  to 
interact  with  hydrochloric  acid  and  collecting  and  measuring  the 
hydrogen  liberated  per  minute  by  each.  It  will  be  seen,  even  in  the 
roughest  experiment,  that  magnesium  ia  thus  much  more  active  than 


76  COLLEGE  CHEMISTRY 

zinc.  The  comparison  must  be  made  with  such  precautions,  how- 
ever, as  will  make  it  certain  that  the  conditions  under  which  the 
several  metals  act  are  all  alike.  Thus,  in  spite  of  the  heat  evolved 
by  the  action,  means  must  be  used,  by  suitable  cooling,  to  keep  the 
temperatiu^  at  some  fixed  point  during  the  experiment,  for  all 
actions  become  more  rapid  when  the  temperature  rises  (p.  53). 
Again,  the  pieces  of  the  various  metals  must  be  arranged  so  that 
equal  surfaces  are  exposed  to  the  acid  in  each  case.  It  is  found  that 
the  order  in  which  this  comparison  places  the  metals  is  much  the 
same  as  that  in  which  they  are  placed  by  a  study  of  other  similar 
actions.  A  single  table  suffices,  therefore,  for  all  purposes  (see 
Electromotive  series,  also  footnote  to  p.  24). 

Escerciaes.  —  1.  What  are  the  valences  of  the  negative  radicals 
of  phosphoric  acid  (p.  51),  and  of  acetic  acid  (p.  64)?  What  must 
be  the  formulae  of  calcium  phosphate,  cupric  acetate,  aluminium 
phosphate,  ferrous  carbonate,  ferrous  sulphate,  cupric  chloride? 

2.  What  is  the  valence  of  phosphorus  in  phosphoric  anhydride 
(p.  51)?  What  must  be  the  formulse  of,  (a)  the  corresponding 
chloride  and  sulphide  of  phosphorus,  and  (6)  of  aluminium  oxide? 

3.  What  are  the  valences  of  the  elements  in  the  following:  liH, 
NHj,  SeH,,  BN? 

4.  What  are  the  valences  of  the  metals  and  radicals  in  the  follow- 
ing: Pb(N0s)2,  Ce(S04)2,  KCl,  KMn04  (potassium  permanganate)? 
Name  all  the  substances  in  3  and  4. 

5.  Write  the  formulae  of  ferrous  and  ferric  oxides,  of  ferrous  and 
ferric  nitrates,  of  stannous  and  stannic  sulphides. 

6.  Make  equations  to  represent,  (a)  the  reduction  of  lead  dioxide 
(PbOj)  by  hydrogen,  (b)  the  actions  of  aluminium  upon  cold  water 
and,  (c)  upon  steam  at  a  red  heat. 


CHAPTER   VIII 


WATER 

The  great  quantity  of  water  which  occurs  in  nature  makes  it  one 
of  the  most  familiar  chemical  substances.  Water  ia  found  also  in  the 
bodies  of  both  animals  and  plants  in  large  amounts,  and  is  indeed 
essential  to  the  working  of  living  organisms. 

B  JVtUaral  n'aterit.  —  Sea-water  holds  about  3.6  per  cent  of  solid 
Hutter  in  solution.  Rain-water  is  the  purest  natural  water,  but 
contains  nitrogen,  oxygen,  and  carbon  dioxide  dissolved  from  the 
air.  Well-waters  often  contain  calcium  sulphate,  calcium  bicarbo- 
nate, and  compounds  of  magnesiumin  solution. mid  are  then  described 
as  hard.  Other  waters  contain  compounds  of  iron,  and  still  others 
are  eflferveacent  and  give  oft  carbon  dioxide.  These  are  called  min- 
eral waters.  All  of  the  dissolved  substances  are  obtained  by  the 
water  in  its  progress  over  or  under  the  surface  of  the  ground. 

Water  which  ia  to  be  used  for  domestic  purposes  is  examined,  par- 
tioularly,  for  organic  matter.  This  usually  gains  access  to  the  water 
by  admixture  of  sewage  (p.  52).  It  is  not  this  organic  matter 
itaelf  which  is  delete^rious,  but  the  bacteria  of  putrefaction  anddisease 
and  their  products  (ptomaines)  which  are  Ukely  to  accompany  it. 

Furificatlon  of  WaUrr. — Tlie  foreign  materials  which  water  may 
contain  are  divisible  into  two  kinds,  — dissolved  matter  and  sus- 
pended matter.  No  water  is  free  from  either  of  these  varieties  of 
impurity.  In  chemical  laboratories  distilled  water  is  always  em- 
ployed. Yet  it  ia  difficult  to  keep  the  liquid  pure  even  for  a  short 
time.     Ordinary  glass  dissolves  in  water  to  a  very  noticeable  extent. 

For  ordinary  purposes  the  siupaiidttd  matter  which  water  contains 
is  removed  by  filuatlon  (p.  7).  In  the  laboratorj'  this  takes  place 
through  unsized  paper.  The  pores  of  the  paper  are  sufficiently  small 
to  retain  suspended  particles,  while  perraitting  the  passage  of  the 
water  un'tA  iin  dissolved  maUer.    On  a  large  scale,  beds  of  gravel  are 
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employed.  In  the  household,  the  Pasteur  filter  is  more  compact  and 
efficient.  The  water  is  forced  by  its  own  pressure  through  the  pores 
of  a  closed  tube  made  of  imglazed  porcelain.  Care  must  be  taken 
to  clean  these  tubes  at  frequent  intervals,  so  that  organic  and  per- 
haps putrescent  matters  may  not  accumulate  upon  them. 

Matter  in  solution  cannot  be  removed  by  ordinary  filtration,  and 
is  eliminated  by  distillation  (p.  26).  Since  the  water  is  converted 
into  steam  and  is  condensed  in  platinum  or  tin  pipes,  only  gases  or 
volatile  Uquids  dissolved  in  it  can  pass  into  the  distillate. 

JPhyHc€a  Properties  of  Water.  —  A  deep  layer  of  water  has  a 
blue  or  greenish-blue  color.  At  a  pressiu^  of  760  mm.,  water  ex- 
ists as  a  liquid  between  0^  and  100°.  Below  0°  it  becomes  solid, 
above  100°  a  gas.  Of  all  chemical  substances  it  is  the  one  which  we 
use  most,  so  that  its  physical  properties,  discussed  below,  should 
be  studied  attentively.  Then  too,  what  is  said  of  water  is  in  gen- 
eral true  of  all  other  Uquids,  from  which  it  differs  only  in  details. 

Ice.  —  The  raising  or  lowering  of  the  temperature  of  a  gram  of 
water  through  one  degree  involves  the  addition  or  removal  of  one 
calorie  of  heat.  The  conversion,  however,  of  a  gram  of  water  at 
0°  to  a  gram  of  ice  at  0°  requires  the  removal  of  79  calories.  The 
mere  melting  of  a  gram  of  ice  causes  an  absorption  of  heat  to  the 
same  amount,  called  the  heat  of  fosion  of  ice.  At  0°  a  mixture  of 
ice  and  water  will  remain  in  unchanged  proportions  indefinitely. 
Any  cause  which  tends  permanently  to  lower  or  raise  the  temperature 
by  a  fraction  of  a  degree,  however,  will  bring  about  the  disappearance 
of  the  water  or  of  the  ice  respectively.  This  temperature  is  called 
the  meltixig  or  the  freeiing  point.  A  temperature,  Uke  this,  at  which 
a  subitmoe  passes  from  one  physical  state  of  aggregation  to  another  is 
called  a  transition  point. 

Steam  and  Aqueous  Tension.  —  At  atmospheric  pressure,  water 
passes  into  steam  rapidly  at  100°,  but  at  lower  temperatures,  and 
even  when  frozen,  it  does  the  same  thing  more  slowly.  The  quantity 
of  the  vapor  present  is  defined  by  the  gaseous  pressure  it  exercises, 
the  value  being  called  the  vapor  pressure  of  water  vapor  (or  of  the 
vapor  of  any  other  volatile  substance)  in  the  location  in  question. 

The  most  significant  fact  about  vapor  pressure  is  that,  v^ien  excess 
of  ike  liqmd  is  present,  the  pressure  of  the  vapor  quickly  reaches  a 


definite  maximum  value  (or  each  temperature.  In  the  absence  of 
excess  of  the  water,  less  than  this  maximum  pressure  may  exist. 
More  than  the  maximum  pressure  proper  to  a  given  temperature,  if 
produced  by  compression,  cannot  be  maintained,  for  a  part  of  the 
vapor  condenses  to  the  liquid  state.  The  magnitude  of  this  maxi- 
mum vapor  pressure,  at  a  given  temperature,  depends  on  the  ability 
of  the  particular  liquid  to  generate  vapor.  This  maximum  vapor 
pressure  is  held,  therefore,  to  represent  the  v&por  t«iuioii  of  tb«  liquid, 
at  the  given  temperature,  and  this  is  a  specific  property  of  the 
substance. 

The  vapor  tension  may  be  shown  by  allowing  a  few  drops  of  water 
to  ascend  into  a  barometric  vacuum  (Fig.  25).  The  tube  on  the  left 
shows  the  mercury  when  nothing  presses  on  its 
surface.  The  tube  on  the  right  shows  the  result 
of  admitting  the  water.  The  difference  in  the 
height  of  the  two  columns  gives  the  value  of 
the  vapor  pressure  of  the  water  vapor.  With 
excess  of  wat«r,  the  value  is  that  of  tlie  vapor 
tension,  called,  in  the  case  of  water,  the  aqneoua 
teaaioD.  The  jacket  surrounding  the  tube  on  the 
right  enables  us,  by  adding  ice  or  warm  water, 
to  maintain  any  temperature  between  0°  and 
100°.  When  ice  is  used  outside,  and  a  piece  of 
it  is  introduced  into  the  vacuum,  the  vapor  it 
gives  off  quickly  reaches  a  pressure  of  4.5  mm. 
The  vapor  pressure  of  the  ice  takes  the  place  of 
4,6  mm.  of  mercury  in  balancing  the  atmospheric 
pressure,  and  so  the  mercury  column  falls  by  this 
amount.  Similarly,  water  at  10°  causes  a  fall  of 
9,1  mm.  and  at  20°  of  17.4  mm.,  so  that  these 
represent  the  mercury-height  values  of  the 
aqueous  tension  at  these  temperatures.  The 
quantity  of  water  used  makes  no  difference,  so  j.  ^^ 
long  as  a  litlie  more  is  present  than  is  required  -^flhi^^Bft^ 
to  fill  the  available  space  with  vapor.  With  \— ^p"--^ 
ether,  instead  of  water,  at  10°  the  fidl  is  28.7  ram.  fio.  so. 

With  water  at  higher  temperatures  the  fall  of 
the  mercury  column  becomes  much  greater.     At  60°  it  is  92  mm., 
at  70°  it  U  233.3  mm.,  at  90°  it  ia  626.5  aim.,  and  at  100"  it  is  760 
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mm.,  or  one  atmosphere.    At  121^  the  aqueous  tension  is  two 
atmospheres,  at  180^  it  is  ten  atmospheres. 

When  water  at  a  certain  temperature  has  given  the  full  amount  of 
water  vapor  to  the  space  above  it  that  its  aqueous  tension  permits, 
we  say  that  the  space  is  saturated  with  vapor.  That  concontnition  of 
vapor  which  constitutes  saturation  varies  with  the  temperature  of 
the  water  and  depends  therefore  solely  on  the  power  of  the  water  to 
give  off  vapor.  It  has  nothing  to  do  with  the  size  of  the  space,  and 
is  even  independent  of  other  gases  the  space  may  already  contain 
(p.  60,  also  pp.  90-91.  See  footnote  to  p.  24). 

The  space  immediately  above  the  surface  of  the  groimd,  which  is 
mainly  occupied  by  atmospheric  air,  is,  on  an  average,  less  than  two- 
thirds  saturated  with  water  vapor.  That  is  to  say,  such  air,  whea 
inclosed  in  a  vessel  containing  water,  will  take  up  about  one^ialf 
more  than  it  already  contains.  The  vapor  of  water  at  100^  in 
an  open  vessel  displaces  the  air  entirely,  and,  if  the  required  heat  is 
furnished,  the  liquid  boils.  This  temperature,  Uke  the  freezing-point, 
is  a  transition  point. 

A  gram  of  water  at  100^,  in  turning  into  a  gram  of  steam  at  lOOP, 
takes  up  537  calories.  This  is  called  its  heat  of  vaporisation.  Steam, 
in  fact,  contains  much  more  internal  energy  than  an  equal  wei^t 
of  water  at  the  same  temperature,  just  as  water,  in  turn,  contains 
more  energy  than  ice. 

All  our  substances  and  apparatus  have  traces  of  water,  derived 
from  the  atmosphere,  condensed  on  their  surfaces.  This  water  is, 
in  a  sense,  in  an  abnormal  condition,  for  it  does  not  evaporate  evoi 
in  dry  air.  It  is  observed  to  pass  off  in  vapor,  however,  when  we 
have  occasion  to  heat  the  substance  or  apparatus. 

Witter  €is  a  Solvent.  —  One  of  those  physical  properties  of  water 
which  are  most  used  in  chemical  work  is  its  tendency  to  dissolve 
many  substances.  This  subject  is  so  important  and  extensive  that 
we  shall  presently  devote  a  complete  chapter  to  some  of  its  simpler 
and  more  familiar  aspects. 

Chemical  Properties  of  Witter.  —  Water  is  so  very  frequently 
used  in  chemical  experiments  in  which  it  is  a  mere  mechanical  ad- 
junct, that  the  beginner  has  difficulty  in  distinguishing  the  cases  in 
which  it  has  itself  taken  part  in  the  chemical  interaction.    The  four 


Idnds  of  chemical  activity  which  it  shows  should  therefore  receive 
careful  notice: 

1.  Water  is  a  relatively  stable  substance. 

2.  It  combines  with  many  oxides,  forming  bases  or  acids. 

3.  It  combines  with  many  substances,  chiefly  salts,  forming 
hydrates. 

4.  It  interacts  with  some  substances  in  a  way  described  as  hydro- 
lysis. This  property  will  not  be  discussed  until  a  characteristic  ease 
is  encountered. 

Water  a  Stable  Compound:  Diasociation.     In  the  case  of  a 

compound,  the  first  chemical  property  to  be  given  is  always,  whether 
the  substance  is  relatively  Btabia  or  uiutAble.  Usually  the  specifica- 
tion is  in  terms  of  the  temperature  required  to  produce  noticeable 
decomposition.  Thus,  potassium  chlorate  gives  off  oxygen  at  a  low 
red  heat.  Now,  water  vapor,  when  heated,  is  progressively  decom- 
posed into  hydrogen  and  oxygen,  yet  at  2000°  the  decomposition 
reaches  only  I.S  per  cent,  and  reunion  occurs  gradually  as  the  tem- 
perature ia  lowered. 

A  decomposition  which  thus  proceeds  at  higher  temperatures, 
wliile  at  lower  temperatures  combination  of  the  constituents  can 
take  place,  is  called  a  dissociation.  The  decompoEdtlon  of  potassium 
chlorate  (p.  47]  is  not  a  dissociation  because  it  is  not  reversible; 
oxygen  will  not  under  any  circumstances  reunite  with  potassium 
_  chloride. 

Union  of  Water  with  Oxides.  —  When  sodium  combines  with 

■gen  under  certain  conditions  we  obtain  sodium  oxide  (Na,0). 

The  product  imit«s  violently  with  water  to  form  sodium  hydroxide: 

Na,0  +  H,0  ->  2NaOH. 

The  slaking  of  quicklime  is  a  more  familiar  action  of  the  same  kind: 

CaO  +  H,0-»Ca(OH),. 

No  other  products  are  formed.  The  clouds  of  steam  produced  in  the 
second  instance  are  due  to  evaporation  of  a  part  of  the  water  by  the 
heat  produced  in  the  formation  of  calcium  hydroxide.  The  aqueous 
solutions  of  these  two  products  have  a  soapy  feeling,  and  turn  red 
litmus  blue,  and  the  substances  therefore  belong  to  the  class  of 
alkalies  (pp.  66,  51)  or  bu«.    Very  many  hydroxides  which  are  of 


mS?' 


82 


COLLEGE  CHEMI8TRT 


the  same  nature,  for  example  ferric  hydroxide  Fe(OH),  and  tin 
hydroxide  Sn(OH)j,  are  formed  so  slowly  by  direct  imion  of  the 
oxide  and  water  that  they  are  always  prepared  in  other  ways. 

Some  oxides,  although  they  imite  with  water,  give  products  of  an 
entirely  different  character.  Phosphoric  anhydride  and  sulphur 
dioxide  are  of  this  class  and,  as  we  have  seen  (p.  51),  yield  acids. 

These  two  classes  of  final  products  are  so  different  that  we  make 
the  distinction  the  basis  for  classification  of  the  elements  present  in 
the  original  oxides.  The  elements,  like  sodium  and  iron,  whose 
oxides  give  bases,  are  called  metallic  elements;  those,  like  phosphoruSi 
whose  oxides  give  acids,  are  called  non-metallic  elements.  The  dis- 
tinguishing words  are  selected  because  the  division  corresponds,  in  a 
general  way  at  least,  with  the  separation  into  two  sets  to  which 
merely  physical  examination  of  the  elementary  substances  would  lead. 

Hydrates*  —  Many  substances  when  dissolved  in  water  and 
recovered  by  spontaneous  evaporation  of  the  solvent  enter  into 

combination  with  the  liquid.  The  products, 
which  are  solids,  are  cidled  hsrdrates. '  That 
they  are  regular  chemical  compoimds  is 
shown  by  the  following  three  facts:  (1) 
These  compounds  show  definite  chemical 
composition  expressible  by  formulae  in 
terms  of  chemical  unit  weights  of  the 
constituents.  (2)  Often  much  heat  is 
given  out  in  their  formation.  Thus,  in  the 
case  of  washing  soda,  the  decahydrate  of 
sodium  carbonate  (NajCO,,  IOH5O),  the  heat  of  the  union 
(p.  55)  is  8800  cal.  (3)  The  hydrates  have  physical  properties 
entirely  different  from  those  of  their  components.  Thus,  cupric 
sulphate,  often  called  anhydrous  cupric  sulphate  to  distinguish 
it  from  the  compound  with  water,  is  a  white  substance  crystal- 
Uzing  in  shining,  colorless,  needle-like  prisms.  The  pentahydrate 
(blue-stone  or  blue  vitriol),  which  crystallizes  from  the  aqueous  solu- 
tion, is  blue  in  color,  and  forms  larger  but  much  less  symmetrical 
(asymmetric  or  triclinic)  crystals  (Fig.  26) : 

CUSO4  +  5H,0  ^  CUSO4,  5H3O. 

The  fhftmifial  properties  show  hydrates  to  be  relatively  unstable. 
When  heated,  the  hydrates,  as  a  rule,  lose  none  of  the  constituents  of 
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the  original  compound,  but  only  the  water,  in  the  form  of  vapor. 
When  melted,  or  when  dissolved  in  water,  the  hydrates  are  disso- 
ciated (p.  81)  into  water  and  the  origuial  substance.  The  aqueous 
solutions  made  from  the  anhydrous  substances  and  From  the  hydrates 
have  identical  physical  and  chemical  properties.  Hence  the  cheaper 
of  the  two  forms  is  generally  purchased,  and  many  of  the  chemicals 
used  in  the  laboratory  are  in  the  form  of  hydrates.  In  consequence 
of  the  ease  with  which  hydrates  ^ve  up  water  we  write  their  for- 
mula {e.g.  CuSOj,  5HjO)  so  that  the  water  and  original  substance 
are  separate.  A  formula  thus  modified,  so  as  to  show  some  favorite 
mode  of  behavior  of  the  substance,  is  called  amotion  (p.  11)  for- 
mula. The  formula  HmCuSO,,  which  would  be  equally  correct,  is 
never  employed,  because  its  use  would  disguise  the  relation  of  the 
substance  to  cupric  sulphate. 

The  less  stable  hydrates  dissociate  very  readily.  Thus  the  deca- 
hydrate  of  sodium  sulphate,  Na,SO„10H,O  (Glauber's  salt),  loses 
all  the  water  it  contains  (eflioroBcoB)  when  simply  kept  in  an  op^i 
vessel.  When  kept  in  a  dosed  bottle,  a  very  little  of  it  loses  water, 
and  then  the  decomposition  ceases.  The  cause  of  this  we  discover 
when  a  crystal  of  the  hydrate  is  placed  above  mercury,  like  the  ice 
or  water  in  Fig.  25  (p.  79).  /(  shows  a  definite  aqueotis  tennion.  At 
9°  the  value  of  this  is  5.5  mm.  As  its  temperature  is  raised,  the 
tension  increases.  When  the  temperature  is  lowered,  on  the  other 
hand,  the  tension  diminishes,  the  mercury  rises,  and  a  part  of  the 
water  enters  into  combination  again.  Different  hydrates  show 
different  aqueous  tensions  at  the  same  temperature.  For  example,  at 
30°,  that  of  water  itself  is  3!  .5  mm.,  strontium  chloride  (SrCl,,  6HjO) 
J1.5  mm.,  cupric  sulphate  (CuSO,,  SHjO)  12-5  ram.,  barium  chloride 
;i„  2H,0)  4  mm. 

In  view  of  these  facts,  we  perceive  that  lose  of  water  by  efflorea- 
la  like  evaporation.  Those  hydrates  which,  like  Glauber's 
salt  and  washing  soda,  have  a  vapor  tension  approaching  that  of 
water  ilaelf.  lose  their  water  at  ordinary  temperatures  at  a  rapid 
pace.  Now,  atmospheric  air  is  usually  less  than  two-thirds  saturated 
with  water  vapor,  and  the  partial  pressure  (p.  60)  of  this  vapor 
opposes  the  dissociation  and  tends  to  prevent  the  liiieration  of  the 
water.  Thus  at  0°,  the  vapor  tension  of  water  being  8.6  mm.,  the 
average  vapor  pressure  of  water  in  the  atmosphere  will  be  about 
S  mm.    Any  hydrate  with  a  greater  aqueous  tension  than  5  mm., 
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at  9°,  such  as  Glauber's  salt,  will  therefore  decompose  spontaneously 
in  an  open  vessel.  But  those  with  a  lower  vapor  tension,  such  as  the 
pentahydrate  of  cupric  sulphate  with  a  tension  of  2  nun.  at  9°,  will 
not  do  so  (see  pp.  90-93). 

The  water  of  hydration  is  known  colloquially  in  chemistry  as 
water  of  crystallisation.  The  term  was  introduced  when  it  was  first 
observed  that  a  hydrate,  in  decomposing,  crumbles  and  loses  its 
original  crystalline  form.  But  the  term  is  misleading.  All  pure 
chemical  substances,  in  solid  form,  when  in  stable  physical  condi- 
tion, are  crystalline.  Amorphous  (t.e..  non-crystalline)  substances, 
like  wax  and  glass,  are  supercooled  liquids. 

Composition  of  Water.  —  The  proportion  of  hydrogen  to  oxy- 
gen, in  water,  by  weight,  is  2  :  15.879  or  2.015  :  16.  The  proportion 
by  volume  is  2.0027  volumes  of  hydrogen  to  1  volume  of  oxygen. 
That  the  proportion  by  volume  is  very  close  to  2  :  1  may  easily 
be  shown  by  mixing  hydrogen  and  oxygen  in  this  proportion,  in  a 
strong  tube,  and  exploding  the  mixture  by  means  of  a  spark  from 
an  induction  coil.  The  resulting  steam  condenses  and  the  whole 
gas  vanishes.  If  different  proportions  are  used,  the  excess  of  one 
of  the  gases  remains  uncombined. 

€f<iy-Lu88€i€'8  Law  of  ComMning  Volumes.  —  The  almost 

mathematical  exactness  with  which  small  integers  express  this  pro- 
portion is  not  a  mere  coincidence.  Whenever  gases  unite,  or  gaseous 
products  are  formed,  the  proportions  by  volume  (measured  at  the  same 
temperature  and  pressure)  of  all  the  gaseous  bodies  concerned  can  be 
represented  very  accurately  by  ratios  of  small  integers.  This  is  called 
Qay-Lus8ac*8  law  of  combining  volumes  (1808).  Thus,  when  the  above 
experiment  is  carried  out  at  100®,  in  order  that  the  product,  water, 
may  be  gaseous  also,  it  is  found  that  the  three  volumes  of  the  con- 
stituents give  almost  exactly  two  volumes  of  steam.  For  example, 
15  c.c.  of  hydrogen  and  7.5  c.c.  of  oxygen  give  15  c.c.  of  steam.  Of 
course  the  hydrogen,  oxygen,  and  steam  must  be  measured  at  the 
same  pressure,  and  the  temperature  must  remain  constant  (100^) 
during  the  experiment.  Proper  manipulation  secures  the  former, 
and  a  jacket  filled  with  steam  (Fig.  27)  the  latter  condition.  Strips 
of  paper,  1,  2,  and  3,  are  pasted  on  the  jacket  in  such  a  way  that 
equal  lengths  of  the  eudiometer,  in  this  case  a  straight  one,  are  laid 
off.     The  three  divisions  being  filled  with  a  mixture  of  hydrogen 


and  oxygen  in  the  proper  proportions,  the  gas,  after  the  exploaion, 
ahrinka  so  as  to  occupy,  at  the  same  pressure,  only  two  of  them. 
From  this  universal  truth  in  regard  to  the  combination  of  gases, 
we  draw  the  important  inference  that  the  chomlcal  mUt-welgbta  of 
Blrople  (ubstanceB,  anri  the  formula- weights 
of  compounds,  in  lbs  gusoos  condition, 
occupj'  ftt  the  eaine  temperature  and  pTessore 
volumes  which  are  equal,  or  else  stand  to 
one  another  m  the  ratio  of  small  Integen. 

Bxereiaea. —  1.  Name  some  familiar 
transitions  (p.  78)  from  one  physical 
state  to  another. 

2.  What  evidence  is  there  in  the  com- 
mon behavior  of  ether  and  chloroform  to 
show  that  these  liquids  have  high  vapor 
tensions ; 

3.  If  the  pressure  of  the  steam  in  a 
boiler  is  ten  atmospheres,  at  what  tem- 
perature is  the  wat«r  boiling  {p.  80)7 

4.  How  many  grams  of  water  could  be 
heated  from  20°  to  100°  by  the  licat 
required  to  melt  I  kgin.  of  ice  at  (f? 

5.  What  do  you  infer  from  the  fact  that 
alum  and  washing  soda  lose  their  water 
of  hydration  when  left  in  open  vessels, 
while  gypsum  does  not? 

6.  Which  fact  shows  most  conclusively 
that  hydrates  are truecheniica!  compounds? 

7.  Gypsum  is  a  hydrate  of  calcium  sulphate  (CaSO,).  If  6  g. 
of  gypsum,  when  heated,  lose  1.256  g.  of  water,  what  is  the  formula 
of  the  hydrate?  i 

8.  In  what  ways  does  a  hydrate  differ  from,  (a)  a  solution,  (b)  an 
hydroxide? 

9.  Should  you  expect  to  find  any  difference,  in  respect  to  chemical 
activity,  between  the  three  forms  of  water?  Have  we  had  any 
experimental  confinnation.  or  the  reverse,  of  this  conclusion  (p.  66)7 

,  10.   Name  some  crystalline  substances  which  are  not  used,  or  do 
t  occur  in  the  form  of  hydrates. 


Plo,  17. 


CHAPTER  IX 

THX   SnffXTZO-MOLEOnLAB 

As  soon  as  we  have  constructed  a  law  (p.  4)  we  desire  immediately 
to  find  out  the  basis  of  the  constant  mode  of  behavior  it  epitomizes. 
If  no  explanation,  that  is,  more  detailed  description,  is  forthcoming 
as  the  result  of  closer  observation,  we  proceed  to  imagine  one  (p.  5). 
This  always  takes  a  mechanical  form,  often  crude  at  first,  and  later 
undergoing  refinement.  Thus,  at  first,  the  phenomena  of  li^t  were 
explained  by  the  conception  of  clouds  of  fine  Corpuscles  emanating 
from  the  luminous  body.  The  chances  of  hitting  upon  an  objective 
reality  by  guess-work  like  this  is  obviously  remote.  Whether  such 
particles  did  really  fly  about  was  not  the  main  question,  however. 
Their  value  lay  in  the  fact  that  they  could  be  pictured  concretely  and 
gave  a  basis  for  further  thought  and  perhaps  suggestions  for  new 
experiments.  Such  a  structure  of  the  imagination  is  called  an 
hypothesis. 

The  Molecular  Hypothesis.  —  The  only  mechanical  basis  we  can 
imagine  to  account  for  the  physical  properties  of  matter  is  a  discon- 
tinuous structure  of  some  description.  The  fact  that  all  kinds  of 
matter  can  be  compressed  (gases  to  an  enormous  extent,  solids  and 
liquids  to  a  measurable  extent)  may  be  explained,  either  by  a  diminu- 
tion in  the  volume  of  the  material  itself,  or  by  the  closer  packing 
together  of  the  particles  into  which  this  material  is  divided.  It  is 
evident  that  the  latter  is  much  more  in  harmony  with  our  experience. 
Oxygen  at  760  mm.,  for  example,  can  be  reduced  by  pressure  to  one 
two-hundredth  of  its  volume,  or  even  less.  Compression,  we  imagine, 
therefore,  does  not  here  diminish  the  actual  volume  occupied  by 
oxygen,  but  crowds  the  particles  closer  together  and  diminishes  to 
one  two-hundredth  the  space  between  them.  Compressing  a  gas  is, 
in  fact,  mainly  compressing  the  empty  space  of  which  we  imagine  it 
chiefly  to  consist.  The  same  hypothesis  will  furnish  a  concrete 
description  of  how  one  kind  of  matter  will  frequently  absorb  a  large 
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quantity  of  another.  Thus  we  picture  the  hydrogen  gaa  taken  up 
by  iron  and  other  metals  as  being  packed  away  in  the  spaces  between 
the  particles  of  the  metal.  So  also,  in  aolution,  the  volume  of  the 
liquid  does  not  usually  increase  by  an  amount  equal  to  that  of  the 
substances  dissolved.  Hence  we  imagine  the  particles  as  possibly 
incompressible  and  the  interstices  between  them  as  furnishing  a  part 
of  the  accommodation  for  the  foreign  material.  A  particle  is  a 
fragment  of  matter  which  can  be  seen  and  measured  directly,  and 
Kandleil  separately.  Since  the  particles  of  this  hypothesis  have  none 
of  these  qualities,  we  distinguish  them  by  the  name  molecules.  Hole- 
calei  ixt  tbe  imaglnat?  units  of  which  bodies  are  aggregitcB. 

In  the  following  sections  the  term  particle,  when  used  at  all,  is 
usually  equivalent  to  malecide,  and  is  employed  only  to  avoid  too 
frequent  occurrence  of  the  latter  word- 

Kinetlx!- Molecular  Hypothesis  Applied  to  Gaaea.  —  Let    us 

first  build  up  our  hypothesis  to  fit  the  qualitative  properties  of 
gases.  We  print  in  italics  each  fact,  and  in  black  type  the  part  of 
the  b^rpoUuBls  invented  to  fit  it.  The  most  remarkable  thing  about 
a  gas,  considering  the  looseness  with  which  its  material  is  packed,  is 
the  total  absence  in  it  of  any  tendency  to  settling  or  subsidence. 
Since  the  molecules  cannot  be  at  rest  upon  one  another,  as  the  great 
compressibility  shows,  we  are  driven  to  suppose  that  they  are  wid«l7 
separated  frDm  one  another,  and  that  they  occupy  the  space,  otherwise 
a  complete  vacuum,  by  eonstantlf  moving  about  in  all  directions.  But 
a  moving  aggregate  of  particles  which  does  not  even  finally  settle 
must  be  in  perpetual  motion.  We  must,  therefore,  imagine  the 
molecules  to  be  wholly  unUke  particles  of  matter  in  having  perfect 
eUstlcfty,  in  consequence  of  which  they  undergo  no  loss  of  energy 
after  a  collision.  They  must  continually  strike  the  walls  of  the 
vessel  and  one  another  and  rebound,  yet  without  loss  of  motion. 
The  diffusiiiilit'j  of  gases  and  their  mutual  permeabilittj  require  no 
additional  assumptions.  The  fact  that  each  gaa  is  horiwgeneous, 
efforts  to  sift  out  lighter  or  heavier  samples  having  failed,  requires 
the  supposition  that  all  the  molecules  of  a  pure  gas  are  oloselr  alike. 

Passing  now  to  Bo<ile's  law  (p.  59),  the  thing  to  be  accounted  for 
ifl  that  when  a  sample  of  a  gas  diminishes  in  volume,  \is  pressure 
I  in  the  same  proportion.    Let  the  diagram  (Fig.  28)  repre- 
tat  a  cylinder  with  a  movable  piston,  upon  which  weights  may  be 
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placed  to  resist  the  pressure.  Now  the  pressure  exercised  by  the  gas 
under  the  piston  cannot  be  like  the  pressure  of  the  hand  upon  a  table, 
since  we  have  just  assumed  that  the  particles  are  not  even  approxi- 
mately at  rest,  and  the  spaces  between  them  are  enormous  compared 
with  the  size  of  the  molecules  themselves.  The  gaseous  pressure 
must  therefore  be  attributed  to  the  colossal  hailstorm  which  their 
innumerable  impacts  upon  the  piston  produce.  If  this  is  the  case, 
the  compressing  of  a  gas  must  consist  simply  in  moving  the  partition 
downwards  so  that  the  particles  as  they  fly  about  are 
gradually  restricted  to  a  smaller  and  smaller  space. 
Their  paths  become  on  an  average  shorter  and  shorter. 
Their  impacts  upon  the  wall  become  more  and  more 
frequent.  So  the  pressure  which  this  causes  becomes 
greater  and  greater,  and  is  proportional  to  the  degree 
of  crowding  (concentration)  of  the  molecules.  There  are 
two  other  points  to  be  added.  When  we  diminish  the 
volume  to  one-half,  we  find  from  experience  that  the 
pressure  becomes  exactly,  or  almost  exactly,  twice  as 
Fig.  28.  great.  This  must  mean  that  although  the  particles 
are  becoming  crowded  they  do  not  interfere  vath  one 
another's  motion,  excepting  of  course  where  actual  collision  causes 
a  rebound.  Only  in  the  absence  of  interference  would  doubling 
the  number  of  molecules  per  unit  of  volume  give  exactly  double  the 
number  of  impacts  on  the  walls.  Hence  the  molecules  must  have 
practically  no  tendency  to  cohesion.  Finally,  the  molecules  must 
be  supposed  to  move  in  straight  lines  between  collisions. 

Boyle's  law  therefore  adds  four  more  conceptions  to  our  molec- 
ular h3rpothesis,  namely,  that  the  impactB  of  the  particles  produce 
the  pressurCy  that  the  crowding  of  the  molecules  represents  the  con- 
centration of  the  material  and  that  the  particles  move  in  straight  lines 
and  show  almost  no  cohesion,  since  pressure  and  concentration  are  very 
closely  proportional  to  one  another. 

How,  now,  can  we  account  for  Charles*  law  (p.  60),  according  to 
which  an  increase  in  pressure  (or  in  volume)  results  from  heatiiig  a 
mass  of  rapidly  moving  molecules?  The  action  of  a  particle  collid- 
ing with  a  surface  is  measured  in  physics  in  terms  of  its  mass  and  its 
velocity.  It  is  evident  that  heating  a  cloud  of  molecules  would  not 
increase  the  mass  of  each,  and  it  must  therefore  increase  the  velocitgr 
of  eaeh  since  the  kinetic  energy  of  all  becomes  greater. 


The  fact  that  the  combining  volumes  of  gaseous  substances  are  equal, 
or  stand  to  one  another  in  the  rath  of  stiwll  whole  numbers  (Gay- 
Lussac's  law,  pp.  84-85),  suggests  two  ideas:  First,  that  chemical 
combination,  considered  in  detai],  and  airangett  to  harmonize  with 
this  hj-potbesis,  would  involve  oaioitB  of  a  few  particlea  of  more  than 
one  kind  to  form  composite  molecaloa.*  And,  second,  that  a  simple 
intepral  relation  must  be  assumed  to  exist  between  the  numbara  o( 
moleciilefl  ia  equal  Tolumes  ol  different  guee,  at  the  same  temperature 
and  pressure.  Avogadro  (1811),  the  professor  of  physics  in  Turin, 
put  forward  the  hypothesis  that  these  numbers  might  be  equal.  A 
more  strict  study  of  the  assumptions  we  have  been  making,  and  of 
some  additional  facts,  has  since  shown  that  no  other  conjecture  than 
Avogadro's  would  be  consistent  with  them.  Thus  it  now  bears  the 
relation  of  a  logical  deduction  from  the  kinetic-molecular  hypothesis 
and  the  properties  of  gases,  and  ia  known  as  Avogadro's  bypotbesiB. 
It  may  al.so  be  put  in  the  form:  At  the  aaine  t«mpentar«  and 
preasore,  the  molecular  concentration  of  all  kinda  of  gaaes  baa  tbe  aame 
value. 

The  law  of  diffusion  (p.  74)  harmonizes  with  the  kinetic-molecular 
bj-pothesis  without  further  modification  of  the  tatter. 

Finally,  gases  can  be  liquefied  bij  sufficient  cooling  and  compression. 
Tills  fact  compels  us  to  suppose  that,  after  all,  even  gaseous  mole- 
cules have  a  tendency  to  cohesion.  This  cohesion  is  scarcely  percep- 
tible 80  long  as  the  gas  is  warm  and  diffuse.  But  when  the  kinetic 
energy  of  the  molecules  ia  sufSciently  reduced  by  cooling  (namely,  to 
the  critical  temperature),  and  the  molecules  are  brought  sufficiently 
close  together,  the  piutual  cohesion  of  the  molecules  causes  the  gas 
to  condense  and  assume  the  liquid  form.  The  critical  temperature 
of  oxygen  is  —  1 18^,  of  hydrogen  —  234",  of  carbon  dioxide  31,35°, 
of  water  358". 

We  may  summarize  tlie  facts  about  gases,  appearing  in  italics 
alxive,  with  the  corretiponding  fictions,  in  heavy  type,  which  we 
have  added  one  by  one  in  manufacturing  our  hypothesis,  an 
follows: 

•  Tliii  la  fwi^ntiully  the  lilta  uaed  by  nalton,  before  Ca.y-LiisMp'B  law  wna 
known,  however,  for  the  irxplniintinn  of  the  lliwa  of  chemical  combination. 
He  called  it  the  atomic  hypotbeala  (j.e.). 
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Facts. 


Non-settliuff 
Compresjibuity 
Diffufdbility 
Permeability 

Homogeneity. 


Relation  of  preesure  and  concen- 
tration (Eioyle's  law). 


Relation  of  volume  (or  pressure) 
and  temperature  (Charles'  law). 


Relation  of  atomic  weights  and 
volumes  (Gay-Lussac^  law). 


Law  of  diffusion. 
Gases  can  be  liquefied. 


'The  fictitious  particles  called  moleeules 
are,  at  0^  and  760  mm.,  at  great  aver- 
age distances  from  one  another;  they 
are  in  constant  motion  and  have  per- 
fect elasticity. 


The  molecules  of  the  same  substanoe  an 
closely  alike. 

The  effect  of  pressure  is  produced  by  the 
impacts  of  the  molecules,  and  is  propor- 
tional to  the  degree  to  which  they  are 
crowded  together ;  the  molecules  move  in 
straight  lines,  and,  when  widely  oci^ 
tered,  exhibit  almost  no  tendeiipy  to 
cohesion. 

A  rise  in  temperature  increases  the  vdo- 
city  and  therefore  the  kinetic  energy  of 
the  molecules. 

Chemical  union  consists  in  fusion  of  difiFer- 
ent  kinds  of  molecules  (Dalton's  hypo- 
thesis), of  which  there  are  equal  num- 
bers in  equal  volumes  of  different  gases 
at  the  same  temperature  and  pressure 
(Avogadro's  hypothesis). 


Molecules  do  possess  a  tendency  to 
cohesion,  which  they  exhibit  whoi 
cooled  and  closely  crowded  together. 


Kinetic  Hypothesis  Applied  to  Liquids.  —  The  phenomena 
connected  with  surface  tension,  such  as  coherence  into  drops,  show 
that  cohesion  plays  a  larger  part  in  liquids  than  in  gases.  On  the 
other  hand,  liquids  which  are  capable  of  mixing  (e.g,  alcohol  and 
water),  when  placed  above  one  another  in  the  same  vessel,  do  mix, 
slowly,  by  diffusion.  This  indicates  that  motion  of  the  molecules, 
although  much  impeded  by  friction,  has  not  been  annihilated  by 
cohesion. 

The  formation  of  vapor  from  cold  liquids  likewise  requires  us  to 
make  the  same  supposition.  To  be  consistent,  we  have  also  to 
imagine  that  the  vapor  above  the  liquid,  for  example  the  water  in 
the  barometer  tube  in  Fig.  25  (p.  79),  is  not  composed  of  the  same 
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Bet  of  molecules  one  minute  aa  it  was  during  the  preceding  minute. 
Their  motions  must  cause  many  of  them  to  plunge  into  the  liquid, 
while  others  emerge  and  take  their  places.  When  the  wat«r  is  first 
introduced,  there  are  no  molecules  of  vapor  in  the  space  at  all,  so 
that  emission  from  the  water  predominates.  The  pressure  of  the 
vapor  increases  as  the  concentration  of  the  molecules  of  vapor 
becomes  greater,  hence  the  mercury  column  falls  steadily.  At  the 
same  time  the  number  of  gaseous  molecules  plunging  Into  the 
water  per  second  must  increase  in  proportion  to  the  degree  to 
which  they  are  crowded  in  the  vapor.  The  rate  at  which  mole- 
cules return  to  the  water  thus  begins  at  zero,  and  increases  steadily: 
the  rate  at  which  molecules  leave  the  water  maintains  a  constant 
value.  Hence  the  rate  at  which  vapor  molecules  enter  the  water 
must  eventually  equal  that  at  which  other  molecules  leave  the  liquid, 
At  this  point,  occasion  for  visible  change  ceases  and  the  mercury 
comes  to  rest.  We  are  bound  to  think,  however,  of  the  exchange  as 
still  going  on,  since  nothing  has  occurred  to  stop  it.  The  condition 
is  not  one  of  rest  but  of  rapid  and  equal  exchange.  Such,  described 
in  terms  of  the  hypothesis,  is  the  state  of  affairs  which  is  character- 
istic of  a  condition  of  squilibriom.  The  condition  is  kinetic,  and 
not  static. 

EqulllbHum. —  This  term  is  used  so  often  in  chemistry,  and  is 
used  in  so  unfamiliar  a  sense,  that  the  reader  should  consider 
attentively  what  it  implies.  Three  tiling  are  characteristic  of  a 
state  of  equilibrium: 

1.  There  are  always  tu<o  opposing  tendencies  which,  when  equi- 
librium is  reacheil,  balance  one  another.  In  the  foregoing  instance, 
one  of  these  is  the  hail  of  molecules  leaving  the  liquid,  which  is 
constant  throughout  the  experiment.  It  represents  the  rapor  t«ii- 
■lon  of  the  liquid  (p.  79).  Theother  is  the  hail  of  returning  molecules, 
which,  at  first,  increases  steadily  as  the  concentration  of  the  vapor 
liecomes  greater.  This  is  the  vapor  pTeiEur«  of  the  vapor.  These 
have  the  effect  of  opposing  pressures,  and,  when  the  latter  becomes 
equal  to  the  former,  equHihrium  is  established.  In  all  cases  of  equi- 
librium we  shall  symbolize  the  two  opposing  tendencies  by  arrows, 
thus: 

Water  (liq.)  ^  Water  (vapor). 

2.  Although  their  effects  thus  neutralise  one  another  at  equilib- 
I  ivim,  both  tendencies  are  sliil  in  full  operaii/m.     In  the  case  in  point. 
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the  opposing  hails  of  molecules  are  still  at  work,  but  neither  can 
effect  any  visible  change  in  the  system.  Equilibrium  is  a  state  of 
balance  or  poise,  not  of  rest. 

3  (and  this  is  the  chief  mark  of  equilibrium).  A  sli^t  change  in 
the  conditions  produces,  never  a  great  or  sharp  change,  but  always, 
and  instantly,  a  corresponding  small  change  in  the  state  of  the  system. 
The  change  in  the  conditions  accomplishes  this  by  favoring  or  dis- 
favoring one  of  the  tiDo  opposing  tendencies.  Thus,  for  ezamfde,  when 
the  temperatiu^  of  a  liquid  is  raised,  the  kinetic  energy  of  its  mde- 
cules  is  increased,  the  rate  at  which  they  leave  its  surface  becomes 
greater,  the  vapor  tension  increases  and,  hence,  a  greater  concen- 
tration of  vapor  can  be  maintained.  The  s^'stem,  therefore,  quicUy 
reaches  a  new  state  of  equilibrium  in  which  a  hi^er  vapor  {Measure 
exists  (p.  79).  A  heap  of  matter  on  a  table  is  not  in  equilibrium, 
because  addition  of  more  material  produces  no  response  until,  when 
a  very  great  quantity  is  added,  the  table  breaks.  But  a  body  on 
the  scales  is  in  equilibrium,  for  the  addition  of  the  smallest  particle 
produces  a  corresponding  inclination  of  the  beam. 

In  the  preceding  iUustration,  the  evaporating  tendency  was 
favored  by  a  rise  in  temperature.  As  an  example  of  a  change  in 
conditions  disfavoring  one  tendency,  take  the  ease  where  the  liquid 
is  placed  in  an  open,  shallow  vessel.  Here  the  condensing  tendency 
is  markedly  discouraged,  for  there  is  practically  no  return  of  the 
emitted  molecules.  Hence  complete  evaporation  takes  place.  Ele- 
vation of  the  temperature  hastens  the  process.  A  draft  insures  the 
total  prevention  of  all  returns,  and  has  therefore  the  same  effect.  The 
two  methods  of  assisting  the  displacement  of  an  equilibrium,  and 
particularly  the  second,  in  which  the  opposed  process  is  weakened 
and  the  forward  process  triumphs  solely  on  this  account,  should  be 
noted  carefully.  They  are  applied  with  surprising  effectiveness  in 
the  explanation  of  chemical  phenomena  (see  Chaps,  xi  and  xv). 

Kinetic  Hypothesis  Applied  to  Solids.  —  The  properties  of 
solids  differ  from  those  of  liquids  chiefly  in  the  fact  that  the  solid  has 
a  definite  form  of  which  it  can  be  deprived  only  with  difficulty. 
This  we  may  explain  in  accordance .^ith  the  kinetic  hypothesis  by  the 
supposition  that  the  cohesion  in  solids  is  very  much  more  prominent 
than  in  liquids.  We  obtain  solids  from  liquids  by  cooling  them;  in 
other  words,  by  diminishing  the  kinetic  energy  and  therefore  the 
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velocity  of  the  particles.  The  cohesive  tendeocy  of  the  latter  ia  thus 
able  to  make  itself  felt  to  a  greater  extent.  If,  conversely,  we  heat  a 
solid,  or,  according  to  the  hypothesis,  if  we  increase  the  speed  with 
which  the  particles  move,  the  body  first  melts  and  gives  a  liquid, 
and  this  finally  boils  and  becomes  a  gas.  The  intrinsic  cohesion  of 
the  particular  substance  can  undergo  no  change,  but  the  increasing 
kinetic  energy  of  the  particles  steadily  and  continuously  obliterates 
its  effects.  Yet  sorae  motion  still  survives  in  a  solid.  Thus  we  find 
that  when  the  layer  of  silver  ia  stripped  from  a  very  old  piece  of 
electroplate,  the  presence  of  this  metal  in  the  German  silver  or  copper 
basis  of  the  article  is  easily  demonstrated. 

The  tendency  of  all  solids  to  assume  crystalline  forms,  which  show 
definite  cleavage  and  other  evidences  of  itnietan,  distinguishes  them 
sharply  from  liquids.  The  force  of  cohesion  in  liquids  is  exercised 
equally  in  different  directions.  In  soUds  it  must  differ  in  different 
directions  in  order  that  structure  may  result.  Since  each  substance 
shows  an  individual  structure  of  its  own,  these  directive  forces  must 
have  special  values  in  magnitude  and  direction  in  each  substance. 

A  crystal  arises  by  growth.  ttTien  the  process  is  watched,  as  it 
occurs  in  a  melted  solid  or  an  evaporating  solution,  the  slow  and 
systematic  addition  of  the  materiid  in  lines  and  layers,  as  if  according 
to  a  regular  detugn,  is  one  of  the  most  beautiful  and  interesting  of 
natural  phenomena.  The  fern-like  patterns  produced  by  ice  on  a 
window-pane  show  the  general  appearance  characteristic  of  crystalli- 
sation m  a  thin  layer.  A  larger  mass  in  a  deep  vessel  gives  forms 
which  are  geometrically  more  perfect.  From  its  very  incipiency  the 
crystal  has  the  same  form  as  when,  later,  its  outlines  can  be  dis- 
tinguished by  the  eye.  Hence  the  outward  form  is  only  an  expree- 
sion  of  a  specific  internal  structure  which  the  continual  reproduction 
of  the  same  outward  form  on  a  larger  and  larger  scale  leaves  as  a 
memorial  of  itself  in  the  interior. 

CrytUU  F^rma,  —  Crystalline  form  is  continually  used  in  iden- 
tifying (pp.  6, 9, 24-25)  the  substances  produced  in  chemical  action^. 
~3ie  classification  of  crystalline  forms  is  carried  out  according  to 

■  degree  of  symmetry  of  the  crystals: 

1.  Regular  sj-stem.  5.  Monoaymmetric,    or 

2.  Square  prismatic  aygtem.  monoclinic  system. 

3.  Hexagonal  system.  6.  Asymmetric,    or 

4.  Rhombic  system.  trielinic  ^fstem. 


94 


COLLEGE  CHEIOSTBT 


The  regular  Bystem  presents  the  most  S3rmmetrical  figures  of  all. 
Some  forms  which  commonly  occur  are  the  octahedron  (Fig.  29) 
shown  by  alum,  the  cube  (Fig.  6,  p.  8)  affected  by  coimnon  salt, 
and  the  dodecahedron  (Fig.  30)  frequently  assumed  by  the  garnet 


Fig.  29. 


FiQ.  30. 


Fio.  SI. 


The  square  priamatic  syBtem  includes  less  symmetrical  forms  than 
the  previous  one,  since  the  crystals  are  lengthened  in  one  direction. 
Fig.  31  shows  the  condition  in  which  zircon  (ZrSiOJ,  which  furnishes 
us  with  the  basis  of  certain  incandescent  illuminating  arrangements, 

occurs  in  nature.  The 
form  of  ordinary  hydrated 
nickel  sulphate  (NiSO^, 
6H3O)  is  similar  to  this. 

yf\\^  /    I     \  "^^^  hexagonal  83rst«m, 

iC./    \.3i  C      I       \         like  the   preceding,    fre- 

quently exhibits  elon- 
gated   prismatic     forms, 


<> 


Fio.  32. 


Fia.  S3. 


Fig.  34. 


but  the  section  of  the  crystals  is  a  hexagon,  instead  of  a  square, 
and  the  termination  is  a  six-sided  pyramid.  Quartz  (Fig.  32), 
or  rock  crystal,  is  the  most  familiar  mineral  in  this  system.  Galcite 
(CaCO,),  which  is  chemically  identical  with  chalk,  or  marble,  takes 
forms  known  as  the  scalenohedron  (Fig.  33)  and  rhombohedron 
(Fig.  9,  p.  9),  which  are  classified  in  a  subdivision  of  this  system. 
Indeed,  recently  it  has  become   common  to  erect   this   into  a 


KINSnC-MOLBCULAR  HTF0THE8IS 


95 


separate  8}rBtem  (the  trigonal),  in  which  both  quartz  and  calcite 
are  included. 

The  rhombic  system  includes  the  natural  forms  of  the  topaz, 
and  of  sulphur  (Fig.  1,  p.  6);  as  well  as  that  of 
potassium  permanganate  (Fig.  34),  potassium 
nitrate  (Fig.  63),  and  many  other  substances. 
These  crystals  exhibit  a  good  deal  of  S3mimetry, 
but  their  section  is  always  rhombic,  and  hence 
the  name. 

The  monosymmetric  system  exhibits  forms  which 
have  but  one  plane  of  symmetry.  G3rpsum  (Fig. 
36),  which  is  hydrated  calcium  sulphate  (CaS04, 

2H2O),    and    felspar    are 

minerals  possessing  forms 

of    this     kind.      Tartaric 

acid,  rock  candy  (Fig.  36), 

potassium  chlorate,  and  hydrated  sodium 

carbonate  (washing  soda)  belong  to  this 
Fio.  36.  system. 

The  Mymmetrie  system  includes  forms 
which  have  no  plane  of  symmetry  whatever.  Blue  vitriol  (Fig. 
26,  p.  82),  CUSO4,  5H,0,  is  one  of  the  most  familiar  substances  of 
this  kind. 


Fzo.  35. 


CHAPTER  X 
SOLUnOH 

Solutions  are  so  constantly  used  in  chemistry  that  some 
knowledge  of  their  properties  is  desirable  in  order  that  we  may 
employ  them  intelligently.  In  what  follows,  we  give  a  preliminary 
account  of  some  of  the  simpler  facts  about  solution. 

General  Properties  of  Solutions.  —  A  solid  may  be  distributed 

through  a  liquid,  either  by  being  simply  suspended  (p.  77)  in  the 
latter  (mixture),  or  by  being  dissolved  in  it  (solution).  Similarly  a 
liquid  may  be  suspended  in  droplets  in  another  (emulsion),  as  in 
milk,  or  it  may  be  dissolved.  It  is  usually  easy  to  Higt.inpi{flh 
between  the  two  cases,  for  a  suspended  substance  setiles  or  separates 
sooner  or  later,  while  a  dissolved  one  shows  710  such  tendency.  The 
cases  are  exceptional  where  the  subdivision  of  a  suspended  substance 
is  so  minute  (colloidal  solution)  as  to  make  its  retention  by  filter 
paper  impossible.  If  a  liquid  is  opalescent  or  opaque,  then  we  have 
a  case  of  suspension.  A  solution  is  a  clear,  transparent,  perfectly 
homogeneous  liquid,  in  which  the  dissolved  substance  seems  to  have 
been  dispersed  so  completely  that  the  liquid  cannot  be  distinguished 
by  the  eye  from  a  pure  substance. 

There  is  no  limit  to  the  amount  of  dissipation  which  may  thus 
be  produced.  A  single  fragment  of  potassium  permanganate,  for 
example,  which  gives  a  very  deep  purple  solution  in  water,  may  be 
dissolved  in  a  liter  or  even  in  twenty  liters  of  water,  and  the  purple 
tinge  which  it  gives  to  the  Uquid  will  still  be  perfectly  perceptible  in 
every  part  of  the  larger  volume.  The  qualitative  chancteristiei, 
therefore,  of  lolation  are  absence  of  settling,  homogeneity,  and  eztrsmsly 
minute  inbdivision  of  the  dissolved  substance. 

The  Scope  of  the  Word.  —  The  word  is  used  for  other  systems 
than  those  containing  a  solid  body  dissolved  in  a  liquid.  Thus, 
liquids  also  may  be  dissolved  in  liquids,  as  alcohol  in  water.    Again, 
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if  vje  warm  ordinary  water,  bubbles  of  gas  appear  on  the  sides  of 
the  vessel  before  the  water  has  approached  the  boiling-point.  They 
are  found  to  be  gas  derived  from  the  air.  Agitation  of  any  gas  with 
water  results  in  the  solution  of  a  large  or  small  quantity  of  the  gas, 
and  heat  will  usually  drive  the  gas  out  again.  It  appears  therefore 
that  solids,  liquida,  and  gases  can  equally  form  solutions  in  Uquids. 
The  absorption  of  hydi'ogen  by  palladium  (at  all  events  after  a 
certain  point),  and  by  iron,  takes  place  in  accoftiance  with  the  same 
laws  as  the  solution  of  soUds  in  liquids,  and  the  results  may  be 
described  therefore  as  true  solutions.  Liquids  are  in  some  eases 
absorbed  by  solids,  and  homogeneous  mixtures  of  solids  with  solids 
are  perfectly  familiar.  The  sapphije  is  a  solution  of  a  small  amount 
of  a  strongly  colored  substance,  in  a  large  amount  of  colorless  alumi- 
nium oxide.  It  may  therefore  he  stated  that  solution  of  gaaea, 
liquids,  and  solids  in  solids  appears  to  be  possible. 

lAtntta  ofSolubUity.  — The  next  question  which  naturally  occurs 
as  to  whether  the  mingling  of  two  substances  in  this  manner 
has  any  liniitH.  We  find  that  the  results  of  experiment  in  this 
direction  may  be  divided  into  two  classes.  Some  pairs,  of  liquids 
particularly,  may  be  mixed  in  any  proportions  whatever.  Alcohol 
and  water  is  such  a  pair.  On  the  other  hand,  at  the  ordinary  labors 
tory  temperature,  we  can  scarcely  take  a  fragment  of  marble  (CaCOjl 
so  small  that  it  will  diaaolve  completely  in  100  c,c,  of  pure  water. 
Under  the  same  conditions  any  amount  of  potassium  chlorate  up 
to  5  g.  will  almost  completely  disappear  after  vigorous  stirring,  while 
90  g,  of  ordinary  Epsom  salts  (hydrated  magnesium  sulphate),  but 
not  more,  may  be  dissolved  in  aljout  tho  same  amount  of  water.  In 
fact,  most  solids  may  be  dissolved  in  a  liquid  only  up  to  a  certtun 
limit,  which  with  different  solids  may  range  from  a  scarcely  percep- 
tible to  a  very  large  amount.  No  substance  is  absolutely  insoluble. 
But  tor  the  sake  of  brevity  we  call  marble,  for  example,  "  insoluble  " 
because  in  most  connections  it  may  be  so  considered. 

JtceoffHltion  and  Meaanrement  of  Solubility.  —  The  only 
method  of  recognizing  with  certainty  whether  a  sohd  is  soluble  in  a 
liquitl  or  not  is  to  filter  the  mixture  and  evaporate  a  few  drops  of 
the  filtrate  on  a  clean  watch-^ass.  For  learning  how  much  of  the 
body  18  contained  in  a  given  solution,  a  weighed  quantity  of  the 
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solution  is  evaporated  to  dryness  and  the  weight  of  the  reddiie 
determined. 

It  must  be  stated  explicitly  that  in  going  into  salvtion,  as  we  have 
used  the  term,  a  compound  dissolves  as  a  whole  and,  if  the  compound 
is  pure  (p.  23),  any  residue  has  the  same  chemical  composition  as 
the  part  which  has  dissolved. 

Terminologym  —  In  order  to  describe  the  relations  of  the  compo- 
nents of  a  solution,  certain  conceptions  and  corresponding  technical 
expressions  are  required.  It  is  customary  to  speak  of  the  substance 
which,  like  water  in  most  cases,  forms  the  bulk  of  the  solution,  as  the 
solvent.  To  express  the  substance  which  is  dissolved,  the  word 
solute  is  frequently  used,  and  will  be  employed  when  we  wish  to 
avoid  circumlocution.  The  amount  of  the  substance  which  has  been 
dissolved  by  a  given  quantity  of  the  solvent  is  described  as  the  eon- 
centration  of  the  solution.  A  solution  containing  a  small  proportion 
of  the  dissolved  body  is  called  dilute;  it  has  a  small  concentration. 
One  which  contains  a  larger  amount  is  more  concentrated.  Very 
"  strong  "  solutions  are  frequently  spoken  of  simply  as  comeeiitnited 
solutions.  The  pariicd  removal  of  ,the  solvent  (as  by  evaporation) 
is  called  concentrating,  its  total  removal  evaporating  to  dr3niMs. 
Finally,  since  there  is  a  limit  to  the  solubility  of  most  substances, 
a  solution  is  described  as  saturated  when  the  solute  has  ^ven  as 
much  material  to  the  solvent  as  it  can.  This  state  is  reached  after 
prolonged  agitation  with  an  excess  of  the  gas,  of  the  liquid,  or  of 
the  finely  powdered  solid,  as  the  case  may  be  (see  pp.  102,  107). 
Other  things  being  equal,  the  larger  the  excess,  the  sooner  satura- 
tion is  attained.  The  maximum  concentration  attainable  in  this 
way  is  called  the  solubility  of  the  substance  in  a  given  solvent. 

The  concentrations  of  solutions,  saturated  and  otherwise,  are  some- 
times expressed  in  physical,  and  sometimes  in  chemical,  units  of 
weight.  When  physical  units  are  employed,  we  give  the  number 
of  grams  of  the  solute  held  in  solution  by  one  hundred  of  the 
solvent. 

When  chemical  units  of  weight  are  employed,  two  different  plans 
are  possible,  and  both  are  in  use.  Either  the  equivalent  (p.  32)  or 
the  atomic  weights  may  be  taken  as  a  basis  of  measurement.  In  the 
former  case,  the  solutions  are  called  normal  solutions,  and  in  the  latter, 
for  a  reason  which  will  appear  latef  (Chap,  xii),  molar  solutions. 


A  notmal  Bolution  contftiiu  one  gram-equivalftnt  ol  the  aolnta  In  one 
liter  ot  solution.  The  word  "  equivalent  "  has  been  used  hitherto 
only  of  elements,  and  this  application  of  the  expression  involves  an 
extension  of  its  meaning.  An  equivBlent  weight  of  a  compovind  ia  th&t 
Amount  ot  it  which  will  inter&ct  with  one  equivalent  of  an  element. 
Thus,  a  formula-weight  of  hydrochloric  acid  HCl  (36.5  g.)  is  also  an 
equivalent  weight,  for  it  contains  1  g.  of  hydrogen,  and  this  amount 
of  hydrogen  is  displaceable  by  one  equivalent  weight  of  a  metal.  A 
formula- weight  of  sulphuric  acid  H,SO,  (98  g.),  however,  contains 
two  equivalents  of  the  compound,  and  a  formula- weight  of  alumi- 
nium chloride  AlClj  (133.5  g.)  three  equivalents.  Hence  normal 
solutions  of  these  three  substances  contain  respectively  36.5  g,  (HCl), 
49  g.  (HjSO,),  and  44.5  g.  (AIClj)  per  liter  of  solution.  The  special 
property  of  normal  solutions  is,  obviously,  that  equal  volumes  of  two 
of  them  contain  the  exact  proportions  of  the  solutes  which  are 
required  for  complete  interaction.  Solutions  of  this  kind  are  much 
used  in  quantitative  analysis.  We  frequently  use  also  decinormal 
or  one-t«nth  normal  solutions  (.1  jV  or  N/IO),  and  seminorraal 
(.5  A'  or  N/  2),  and  six  times  normal  solutions  (6  N),  and  so  forth. 

A  molar  solution  contains  one  mole  (gram-molecalar  weight)  of  the 
solute  in  one  Uter  of  solution.  When  molecular  formula  (see  Chap, 
xii)  are  used,  this  means  one  gram-formula  weight  per  liter.  In  the 
cases  cited  above,  the  molar  solution  contains  36.5  g.  (HCl),  98  g. 
(HjSO,),  and  133.5  g.  (AlCl,)  per  liter.  Aa  will  be  seen,  the  concen- 
trations of  molar  and  normal  solutions  are  necessarily  identical  when 
the  radicals  are  univalent. 

The  solubilitiai  at  18°  of  one  hundred  and  lorty-two  bases  and  salts 
.fijX  given  in  a  table  printed  inside  the  cover,  at  the  front  of  this  book. 


Bolution  One  of  M«  Phyitleal  States  of  Aggregation  of 
latter.  —  When  a  solid  body  dissolves  in  a  liquid,  the  properties  of 
the  body  undergo  a  very  marked  change,  which  to  all  appearance 
might  be  chemical.  Yet,  beaidea  the  ease  with  which  a  liquid  may  be 
removed  by  evaporation  and  the  solid  recovered  unchanged,  we  note 
particularly  that  the  concentration  of  a  saturated  solution  cannot  be 
expressed  in  terms  of  integral  multiples  of  the  chemical  combining 
weights,  We  shall  see  also  that  the  quantity  of  a  solid  which  a 
id  may  take  up  varies  with  the  slightest  change  in  temperature. 
we  do  not  find  the  composition  of  chemical  compounds  so  to 
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vary.  The  solution  of  a  solid  may  therefore  be  likened  to  a  change 
in  state  of  aggregation,  similar  to  the  conversion  of  a  liquid  into  a 
gas  or  a  solid. 

As  in  other  changes  of  state,  so  in  the  process  of  solution,  heat  is 
always  liberated  or  absorbed.  This  is  known  as  heat  of  soliitta. 
Thus,  one  formula-weight  of  sulphuric  acid,  in  dissolving  in  a  laige 
volume  of  water,  liberates  39,170  calories,  and  one  formula-weight 
of  ammonium  chloride,  in  dissolving,  absorbs  3880  calories. 

As  there  is  danger  of  confusion  arising,  we  may  repeat  that  a  com- 
pound is  homogeneous  and  its  composition  is  expressible  in  chemical 
units  of  weight;  a  saturated  solution  is  homogeneous  but  its  concen- 
tration varies  with  temperature  so  that  chemical  units  cannot  be 
used  to  describe  its  composition;  a  mixture  of  two  solids,  or  an  emul- 
sion of  two  liquids,  is  neither  homogeneous  nor  in  any  way  definite 
in  composition. 

KinetiC'Moieeuiar  HypotheHs  Applied  to  the  SiaMe  ofSdU' 
Hon*  —  Accepting  solution  as  a  physical  state  of  aggregation,  we 
may  now  apply  the  same  formulative  hypothesis  to  the  explanation 
of  the  behavior  of  a  substance  in  solution  as  to  matter  in  the  gaseous 
or  liquid  states.  We  saw  that  a  solid  body,  which  is  ordinarily  con- 
densed in  a  small  space,  can  be  disseminated  by  the  use  of  a  solvent 
through  a  very  large  one.  The  molecules  of  the  solid  become  scat- 
tered like  those  of  a  gas  or  vapor  through  a  much  greater  volume. 
We  may  regard  the  dissolved  substance  as  being,  practically,  in  a 
gaseous  or  quasi-goseous  condition.  The  molecules  are  torn  apart 
from  one  another,  their  cohesion  is  overcome,  and  their  freedom  <rf 
motion  is  in  a  measure  restored.  It  is  true  that  they  could  not 
continue  to  occupy  this  large  volume  for  a  moment  in  the  absence  of 
the  solvent.  But  we  may  bring  this  into  relation  with  the  case  of  a 
vapor  by  saying  that  a  solid  body,  like  common  salt,  can  only  evapo- 
rate (i.e.  "dissolve")  at  the  ordinary  temperature,  and  occupy  a  large 
space,  when  that  space  is  already  filled  with  a  suitable  liquid.  The 
latter  acts  as  a  vehicle  for  the  particles  of  the  solid.  A  volatile 
liquid,  on  the  contrary,  can  dissolve  in  an  empty  space  and  fiD  it  with 
its  particles  without  any  vehicle  being  required. 

This  conception  of  the  ^uo^-gaseous  condition  of  a  dissolved  sub- 
stance would  be  simply  fantastic  if  it  did  not  lead  us  to  a  better 
understanding  of  the  behavior  of  solutions.    It  does  successfully 
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explain  many  thin^,  6uch  aa  diffusion,  osmotic  pressure,  and  satura- 
tion (see  next  section). 

It  is  easy  to  show  that,  if  we  place  a  quantity  of  the  pure  solvent 
(Fig.  37)  above  a  concentrated  solution  of  a  substance,  and  then  set 
the  arrangement  aside,  the  dissolved  body  slowly  makes  its  way 
through  the  liquid  (Fig.  38),  obliterating  the  original  plane  of  sepa- 
ration. Eventually  the  dissolved  body  scatters  itself  uniformly 
through  the  whole.     In  other  words,  the  particles  of  the  dissolved 
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substance  exhibit  the  property  of  diffusion  in  the  same  way  as  do 
those  of  gases. 

When  the  diffusion  of  a  gas  is  resisted  by  a  suitable  partition,  we 
find  pressure  is  exercised  upon  the  walls  of  the  vessel  and  upon  the 
partition.  It  is  possible  to  show  that  the  particles  of  a  dissolved 
substance  exercise  a  pressure  of  a  very  similar  kind.  This  pressure 
is  spoken  of  as  oamotic  prMsoie.  This  pressure  is  found  to  be  pro- 
portional to  the  concentration  of  the  solution,  just  as  gaseous 
pressure  ia  proportional  to  the  concentration  of  the  gas  (Boyle's  law). 

Kinetic- Molecular  Hypothcfils  Applied  to  the  Procc»»  of 
Solution.  —  We  may  now  apply  the  same  hj-pothcsis  to  the  process 
of  dissolving,  with  a  view  more  especially  to  explaining  why  the 
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process  of  dissolving  ceases,  in  spite  of  the  presence  of  ezoeBs  of  the 
solute,  when  a  certain  concentration  has  been  reached.  If  some  of 
the  material  dissolves,  why  not  more? 

Let  us  suppose  that  it  is  the  dissolving  of  common  salt  in  water 
(Fig.  39)  which  we  wish  to  explain  in  detail.  We  believe  that  in 
the  solid  substance  the  molecules  are  somewhat  closely  packed 

together,  while  in  the  solution  they  are  rather 
sparsely  distributed.  The  process  of  soIuticHi 
must  consist  in  the  loosening  of  the  molecules 
on  the  surface  and  their  passage  into  the  liquid. 
By  diffusion,  the  free  molecules  will  gradually 
move  away  from  the  neighborhood  of  the  sur- 
face of  the  solid  and  make  room  for  others. 
and  thus,  if  the  system  remains  undisturbed, 
the  liquid  will  eventually  become  a  solution 
of  uniform  concentration.  If  a  large  enough 
amount  of  the  solid  has  been  provided,  the 
ultimate  condition  will  be  that  of  a  saturated 
solution  with  excess  of  the  solid  beneath.  If 
we  had  proper  means  of  measuring  it,  the 
tendency  of  the  molecules  to  leave  the  solid  in 
the  presence  of  a  given  liquid  would  give  the 
effect  of  a  kind  of  pressure.  This  is  spoken  of 
as  solution  pressure. 
Now  the  molecules,  after  having  entered  the  liquid,  move  in  every 
direction,  and  consequently  some  of  them  will  return  to  the  solid 
and  attach  themselves  to  it.  The  frequency  with  which  this  will 
occur  will  be  greater  as  the  crowding  of  particles  in  the  liquid 
increases,  so  that  a  stage  will  eventually  be  reached  at  which  the 
number  of  molecules  lea\4ng  the  solid  will  be  no  greater  than  that 
landing  upon  it  in  a  given  time.  If  the  whole  of  the  liquid  has 
meanwhile  become  equally  charged  with  dissolved  molecules,  there 
will  be  no  chance  that  the  field  of  liquid  immediately  round  the  solid 
will  lose  them  by  diffusion,  so  that  a  condition  of  balance  or  equili- 
brium (p.  91)  will  have  been  established:  NaCl  (solid)  ?=fc  NaCl 
(dslvd).  The  motion  of  the  particles  in  the  liquid  produces  what  we 
have  called  osmotic  pressure;  and  when  the  osmotic  pressure,  by  the 
continual  increase  in  the  number  of  dissolved  molecules,  becomes 
eq;uxd  to  the  sclvJtion  pressure,  increase  in  concentration  of  the  solution 
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It  is  at  this  point  that  we  speak  of  the  soliUion  aa  being  80(«- 
rated  with  respect  to  the  particular  substance  dissolving.  The 
analogj-  to  vapor  tension  and  vapor  pressure  (p.  79}  ia  evident. 
The  foregoing  explanation  should  be  compared  carefully  with 
that  given  in  the  section  on  the  kinetic  hypothesis  applied  to 
liquids,  and  in  that  on  equilibrium  {pp.  90-93). 

When  the  dissolving  substance  ia  a  gai,  led  through,  or  confined 
above  the  liquid  at  a  definite  pressure,  the  gas  dissolves  until  a  state 
of  equilibrium  between  dissolving  and  emission  is  reached,  for 
example,  Oxygen  (gas)  ^  Oxygen  (dslvd),  and  the  liquid  is  then 
saturated  with  the  gas. 

It  is  foimd,  as  the  hj'pothesis  would  lead  us  to  expect,  tliat  th« 
concentration  of  tha  saturated  eolation  ot  i,  gpss  is  proportional  to  the 
pregsuie  at  which  the  gas  is  supplied  (Henry's  law). 

Jndepentienl  SotublUtf/.  —  Just  as  two  gases,  when  mixed,  are 
independent  of  one  another  (p.  60),  and  have  severally  the  same 
pr^sure,  solubility,  and  so  forth,  aa  they  would  possess  if  each  alone 
occupied  the  same  space,  so  is  it  with  dissolved  aubatances.  In  gen- 
eral, a  volume  of  water,  in  which  a  moderate  amount  of  some  sub- 
stance has  been  dissolved,  will  take  up  as  much  of  a  second  substance 
as  would  an  equal  volume  of  pure  water.  Thus,  water  containing 
some  sugar  will  dissolve  aa  mucli  sodium  chloride  as  the  same  amount 
of  pure  water.  In  the  point  of  view  of  the  kinetic-molecular  hj'poth- 
esis,  the  dissolved  molecules  of  sugar  have  no  connection  with,  or 
influence  upon,  the  mechanism  which  determines  the  eolubUity  of 
the  salt,  namely,  the  exchange  of  salt  molecules  between  the  sus- 
pended, dissolving  cry-stals  and  the  solution, 

kTwo  Imtnlaclble  Solvfntu  :  Law  of  Partition, — An  interesting 
plication  of  the  same  ideas  may  be  made  to  a  case  which  occurs 
ry  commonly  in  chemical  work.  If  we  shake  up  a  small  particle 
of  iodine  with  wafer,  we  find  that  it  dissolves  slowly,  giving  eventu- 
ally a  saturated  but  very  dilute  solution.  If  now  ether  in  sufficient 
quantity  be  slinken  with  the  aqueous  solution,  the  greater  part  of 
the  iodine  will  find  its  way  into  the  ether,  and  be  contained  in  the 
brown  layer  which  rises  to  the  top.  The  process  of  removing  a 
lUbstance  partially  from  solution  in  one  solvent  and  securing  it  in 
lOther  is  called  extraction.     We  find  ui  sucli  cases  that  neither  sol- 
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vent  can  entirely  deprive  the  other  of  the  whole  of  the  dissolved 
substance,  if  the  latter  is  soluble  in  both  independently,  A  state  of 
equilibrium  is  finally  reached:  I  (in  Aq)  j=*  I  (in  ether).  The  parti- 
tion of  the  substance  takes  place  in  proportion  to  its  solubility  in 
each  solvent.  It  is  found  that  any  amount  of  the  solute,  up  to  the 
maximum  the  system  can  contain,  provided  this  does  not  involve 
too  high  a  concentration  in  e-ither  solvent,  ia  divided  so  that  the  ratio 
of  the  concentrations  in  the  two  solvents  is  always  the  same.  In  the 
case  of  iodine  divided  between  wat«r  and  ether,  this  ratio  is  about 
1  :200. 

Influence  of  Temperature  on  SolubUify.  —  Tlie  quantity  of  a 
substance  which  we  can  dissolve  in  a  fixe<l  amount  of  a  given  solvent 
depends  very  largely  upon  the  temperature  of  both.  Usually  the 
solubility  increases  with  rise  in  temperature.  Measurements  may 
be  made  by  the  method  described  before  (p,  97),  using  excess  of  the 
finely  powdered  solute  with  different  portions  of  the  same  solvent 
in  vessels  kept  at  different  temperatures.  The  most  useful  way  of 
representing  the  results  ia  to  plot  them  graphically.  The  diagram 
(Fig.  40)  shows  the  curves  for  a  few  familiar  substances.  The  ordi- 
nates  represent  the  number  of  grams  of  the  anhydrous  compound 
which  ia  held  in  solution  by  100  g.  of  water  in  each  case.  The 
abscisaee  represent  the  temperatures.  The  concenlration  for  any 
temperature  can  lie  read  off  at  once.  Thus  100  g,  oE  water  holds 
13  g.  of  potiuisium  nitrate  in  solution  at  0°  and  150  g.  at  73°.  The 
increase  in  solubility  is  here  enormous.  On  the  other  hand,  the 
same  quantity  of  water  will  hold  36.6  g.  of  sodium  chloride  in  solu- 
tion at  0"  and  39  g.  at  100°.  The  difference  is  shown  at  once  when 
we  examine  the  curves  and  observe  that  the  line  representing  the 
solubility  of  wKliiini  chloride  scarcely  rises  at  all  between  0*  and 
100°,  while  that  of  potassium  nitrate  is  extremely  steep. 

Casee  in  which  the  solubility  decreases  «vith  rise  in  temperature  are 
leas  common.  Anhydrous  sodium  sulphate  (Fig.  41,  p.  106)  is  an 
illustration. 

BquUtbHum  In  a  Saturated  Solution.  —  Once  a  solution  has 
become  saturated,  the  dissolving  substance  remains  thereafter  un- 
thmged  in  ajiumnt.    A  greater  excess  of  the  solute  forces  no  more 

itter  into  solution  than  does  a  small  excess. 
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It  should  be  clearly  understood,  however,  ^at  the  kinetic  hypothe- 
us  requires  us  to  assume  tiiat  an  exchange  of  molecules  (p.  102)  ia 
still  going  on  between  the  solid  and  the  solution.  That  this  concep- 
tion is  correct  may  be  shown  in  various  ways.  Thus,  if  a  oystsl, 
the  edges  or  comers  of  which  have  been  broken,  is  suspended  in  a 
saturated  solution  of  the  same  substance,  it  neither  increases  nor 
diminishes  in  weight.  Yet  we  find  that  the  imperfections  are 
removed,  and  that  this  takes  place  by  the  solution  of  a  portion  of 
the  substance  from  the  perfect  surfaces  and  its  deposition  upon  the 
imperfect  ones. 

Another  very  striking  proof  of  this  may  be  obtuned  by  saturating 
water  with  ordinary  Glauber's  salt   (hydrated  sodium  sulphate, 
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Na^O^,  10H,O)  at  a  temperature  somewhat  above  the  ordinaiy, 
say  30°.  The  excess  of  the  solid  is  carefully  and  completely  separ- 
rated  from  the  liquid,  and  the  latter  is  allowed  to  cool  in  a  flask 
loosely  stoppered  with  cotton.  The  solution  now  contains  (Fig.  41) 
a  much  larger  amount  of  sodium  sulph.ite  (Na,SO,)  than  at  its 
present  temperature  it  could  acquire  from  contact  with  Glauber's 
salt.  Yet  in  the  absence  of  a  crystal,  i^ith  which  the  above  described 
exchange  could  take  place,  no  deposition  of  the  dissolved  substutoe 
bepns.  The  solution  may  be  kept  indefinitely  without  alteration. 
The  introduction,  however,  of  the  minutest  frtigment  of  the  deci^ 
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hydrate  at  once  starts  the  exchange,  and  this  is  necessarily  very 
much  to  the  disadvantage  of  the  solution  and  the  advantage  of  the 
crystal:  Na,SO,  (dslvd)  ^  NaiSO„10H,O  (solid).  The  latter  there- 
fore forms  the  center  of  a  radiating  mass  of  blade-like  processes, 
which  sprout  with  aatonLshing  rapidity  through  the  liquid. 

Usually  the  cooling  of  a  concentrated  solution  leads  to  the  almost 
immediate  appearance  of  crystals  spontaneously,  and  the  substance 
is  deposited  gradually  as  the  temperature  falls.  But  solutions  of  a 
number  of  common  substances,  such  aa  sodium  thiosulphate  (photo- 
grapher's "  hypo  ")  and  sodium  chlorate,  behave  like  that  of  sodium 
sulphate.  They  are  said  to  have  a  tendency  to  give  Baperuturatod 
solutions.  In  general,  crj'stallization  can  be  started  only  by  intro- 
duction of  a  specimen  of  the  same  substance.  The  smallest  particle 
of  the  right  material  floating  in  the  air,  if  it  gains  admi.ssion,  will 
bring  about  the  result.  This  Khows  the  importance  of  the  interchange 
of  molecules,  of  which  wo  have  spoken,  for  establishing  equilibrium. 
To  avoid  a  common  misconception,  it  must  be  noted  that  a  saturated 
solution  is  not  one  containing  all  of  the  solute  that  it  can  hold.  A 
superaaturat-ed  solution  contains  more.  The  satnratad  aolutlon  is  one 
which  contains  all  of  the  dissolved  soIut«  that  it  can  acquire  from 
the  undissolved  solut*'.  Better  still,  it  is  that  solution  whicli,  when 
^^tacsd  witb  excess  of  the  solut«,  ia  tound  to  be  In  eqolUbrium. 

^^mXaeereiaes.  —  1.   Give  other  examples  of  limited  solubility  in 
^BtoriouB  solvents  (p.  97). 

2.  What  weights  of  phosphoric  acid  (p.  51)  and  of  sodium  hydr- 
oxide, respectively,  are  required  to  make  1  liter  of  a  normal  solution? 

3.  Express  the  concentrations  of  solutions  of  ammonium  chloride, 
saturated  at  0°  (sp.  gr.  1.076),  and  of  potassium  sulphate  K,SO,, 
saturated  at  10°  (sp.  gr.  1.083),  in  terms  of  a  normal  solution  (p.  99). 

4.  Express  the  concentration  of  a  five  per  cent  aqueous  solution 
of  phosphoric  acid  (sp.  gr.  1.027),  in  terms  of  a  normal  and  a  molar 
solution,  respectively. 

6.  Explain  why,  (a)  pulverization  and,  (6)  agitation  hasten  the 
dissolving  of  a  solid? 

6.  Read  from  the  curves  (p,  104)  the  solubilities  of  potassium 
nitrate  at  15",  of  potassium  chloride  at  30°,  of  potassium  chlorate  at 
45°.  What  are  the  relative  rat«fl  at  which  the  solubilities  of  these 
aalU  increase  with  rise  in  temperature? 


CHAPTER  XI 
OHLOBINE  AND  H7DB001N   OHLOBIDS 

Chlorine  was  first  recognized  as  a  distinct  substance  by  Schede 
(1774).  He  obtained  it  from  salt  by  means  of  manganese  dioxide, 
using  the  method  described  below. 

Occurrence. — Chlorine  does  not  occur  free  in  nature.  There  are, 
however,  many  compounds  of  it  to  be  found  in  the  mineral  kingdom. 
Sea-water  contains  a  number  of  chlorides  in  solution.  Of  the  3.6 
per  cent  of  solid  matter  in  sea-water,  nearly  2.8  is  common  salt 
(sodium  chloride,  NaCl).  During  past  geological  ages  the  evapora- 
tion of  sea-water  has  led  to  the  formation  of  immense  deposits  of 
the  compounds  usually  found  in  such  water.  Thus,  at  Stassfurt, 
such  strata  attain  a  thickness  of  over  a  thousand  feet.  Certain 
layers  of  these  strata  are  composed  mainly  of  sodium  chloride,  called 
by  the  mineralogist  halite  (rock  salt).  In  other  layers  pot^ussium 
chloride  (sylvite),  and  hydrated  magnesium  chloride  (bischofite), 
and  other  compounds  of  chlorine,  occur.  The  chloride  of  silver  (horn 
silver)  is  a  valuable  ore. 


Preparation.  —  Chlorine  cannot  be  obtained  with  the  same 

as  oxygen.    There  are  only  a  few  chlorides,  such  as  those  of  gold  and 

platinum,  which  lose  chlorine  when  heated,  and  they  are  too  expen* 

sive  or  difficult  to  make  for  laboratory  use.    We  employ  therefore 

methods  like  those  used  for  the  preparation  of  hydrogen  (c/.  p.  67). 

We  may  (1)  decompose  any  chloride  by  means  of  electricity,  just  aa, 

to  get  hydrogen,  we  elect rolyzed  a  dilute  acid  (p.  64).    Or  (2)  we 

may  take  some  inexpensive  compound  of  chlorine,  such  as  hydrogen 

chloride  (HCl),  and  by  means  of  some  simple  substance  which  is 

capable  of  uniting  with  the  other  constituent,  —  here  oxygen  serves 

the  purpose,  —  secure  the  liberation  of  the  element.    Or  (3)  —  and 

this  turns  out  to  be  the  most  convenient  laboratory  method  —  we 

may  use  a  more  complex  action. 
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ElectmlyHs  of  Chlorides.  —  Hydrogen  chloride  and  those  chlo- 
rides of  metals  which  are  soluble  in  water  are  all  decomposed  when 
a  cmrent  of  electricity  is  passed  through  the  aqueous  solution.  They 
yield  chlorine  at  the  positive  electrode.  The  other  constituent,  the 
hydrogen  (Fig.  42),  manganese,  or  whatever  it  may  be,  is  liberated 
at  the  negative  wire.  To  decompose  hydrochloric  acid  an  electro- 
motive force  of  at  least  1.31  volts  is  required.  Since  the  chlorine  is 
soluble  in  water,  the  effervescence  due  to  its  release  is  not  noticeable 
until  the  liquid  roimd  the  electrode  has  become  saturated  with  the 
gas:  CL|  (dslvd)  <=i  CI,  (gas).  The  shape  of  the  apparatus  keeps  the 
two  products  from  mmgling. 
The  presence  of  the  chlorine 
in  the  liquid  at  the  positive  end 
may  be  shown  by  a  suitable  test 
(pp.  66  and  114). 

In  commerce  chlorine  is  now 
obtained  chiefly  by  this  method, 
sodium  chloride  or  potassium 
chloride  being  the  source  of  the 
element.  Electrodes  of  arti- 
ficial graphite  are  used,  as  most 
other  conductors  unite  with  the 
chlorine.  The  potassium  or 
sodium,  as  the  case  may  be, 
travels  towards  the  negative 
electrode,  but  is  not  liberated. 
Instead,  potassium  or  sodium 

hydroxide  accumulates  in  the  solution  roimd  the  plate  and  hydro- 
gen escapes.  The  chlorine  is  released  at  the  positive  electrode,  as 
usual.  The  hydroxide  and  the  chlorine  both  find  chemical  appli- 
cations. The  chlorine  is  either  liquefied  by  compression  in  steel 
cylinders  or  employed  at  once  for  making  bleaching  powder  (9.V.). 
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Action  of  Free  Oxygen  on  Chlorides.  —  Sodium  chloride  is  the 
cheapest  source  of  chlorine,  but  oxygen  does  not  interact  with  it 
even  at  a  high  temperature.  By  treating  the  sodium  chloride  with 
sulphuric  acid,  therefore,  the  chlorine  is  first  transferred  into  com- 
bination with  the  hydrogen  of  the  acid.  The  details  of  this  action 
are  described  below  (see  p.  117).    In  order  to  liberate  chlorine  from 
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the  hydrogen  chloride,  we  may  then  combine  the  hydrogen  with 
oxygen  obtained  from  the  air.  The  action  is  in  accordance  with  the 
equation: 

2HCH-0?=iH,0  +  2a 

The  two  gases  interact  so  slowly,  however,  that  a  catalytic  agent 

must  be  employed.  The 
mixture  of  air  and  hydro- 
gen chloride  is  passed 
over  pieces  of  heated 
pumice-stone  or  broken 
brick  previously  saturated 
with  cupric  chloride  solu- 
tion. A  temperature  <A 
37(f-4O0P  is  used.  Fur- 
thermore, the  action  is 
reversible  and  equilibriimi 
is  reached  when  80  per 
cent  of  the  hydrogen 
chloride  has  been  decom- 
posed. Hence  20  per  cent 
of  this  gas  passes  on 
unchanged.  In  the  product,  the  chlorine  is  mixed  with  steam  and 
with  a  very  large  volume  of  nitrogen  which  entered  with  the 
oxygen,  as  well  as  with  unused  hydrogen  chloride,  so  that,  for 
maldng  the  pure  substance,  this  method  (Deacon's  process)  is  quite 
unsuitable. 

The  above  action  is  spoken  of  as  an  oxidation.  It  is  true  that  no 
oxygen  is  actually  introduced  into  the  hydrogen  chloride  as  a  whole. 
The  removal  of  hydrogen  from  combination  with  the  chlorine  is, 
however,  the  first  step  towards  the  introduction  of  oxygen  into  com- 
bination with  the  latter,  and  is  essentially  an  oxidation. 

Action  of  Combined  Oxygen  upon  Chlorides.  —  The    best 

laboratory  method  for  making  chlorine  is  to  place  some  solid 
potassium  permanganate  in  a  flask,  arranged  like  that  in  Fig.  43. 
Concentrated  commercial  hydrochloric  acid  (an  aqueous  solution 
of  hydrogen  chloride),  diluted  with  one-third  of  its  volume  of 
water,  is  allowed  to  fall  upon  the  compound  drop  by  drop  from  the 
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dropping  funnel.  The  action  is  very  rapid,  the  acid  is  exhausted 
almost  as  fast  as  it  falls,  and  so  the  stream  of  gas  can  be  stopped 
by  simply  closing  the  stopcock.  The  gas  is  passed  through  a 
washing  bottle  containing  water,  in  order  to  remove  some  hydro- 
gen chloride  which  may  be  carried  over.  It  may  be  dried,  if 
necessary,  in  a  second  washing  bottle  containing  concentrated 
sulphuric  acid.  It  cannot  be  collected  over  water  on  account  of 
its  solubility,  so  that  jars  are  usually  filled  with  it  by  downward 
displacement  of  air. 
The  skeleton  equation  (p.  42)  here  is: 

KMnO.  +  HCI  —  H,0  +  KCI  +  MnCl,  +  CI. 

The  0,,  being  all  converted  into  water,  requires  8H,  and  therefore 
8HC1,  for  the  action.  The  two  metals,  potassium  and  manganese, 
give  their  respective  chlorides,  KCI  and  MnCl,.  This  uses  3C1,  and 
hence  5C1  remains  over  to  be  liberated: 

KMnO,  +  8HC1  ->  4H,0  +  KG  +  MnCI,  +  5Cl. 

The  combined  oxygen  of  the  permanganate  has  oxidized  the  hydro- 
gen chloride,  just  as  did  the  free  oxygen  in  Deacon's  process. 

Many  other  compounds  of  oxygen  with  metals  interact  with  hydro- 
chloric acid  to  give  free  chlorine.  Lead  dioxide  PbOj,  potassium 
chlorate  KCIO,,  potassium  dichromate  KjCrjO,,  and  manganese 
dioxide  MnO,,  are  of  this  nature.  The  last,  being  inexpensive,  is 
commonly  used  in  tnaldng  chlorine.  Being  an  insoluble  substance, 
however,  the  manganese  dio.xide  acts  much  more  slowly  than  does 
the  potassium  permanganate,  which  is  soluble.  A  large  amount  of 
the  material.s,  and  the  aid  of  heat,  are  required  to  secure  a  rapid 
stream  of  chJorine. 

The  action  of  manganese  dioxide  upon  hydrochloric  acid  is  an 
instructive  one.  It  is  a  general  rule,  of  which  we  shall  meet  many 
applications,  that  when  an  acid  interacts  with  an  oxide  of  a  metal,  there 
are  two  constant  features  in  the  result,  namely:  (1)  The  oxygen  of 
the  oxide  comblnea  with  the  hydrogen  o(  the  aoid  to  form  water,  and  (2) 
the  metal  o(  the  oxide  combineB  with  the  acid  radical  of  the  acid  accord- 
ing to  the  valences  of  each.  Here  the  skeleton  equation  should  be, 
MnO, -f  IICI-.H,0  +  MnG..      For  O,,  to   form   water.  4HC1  is 

[uired,  and  the  product  is  2H,0.  Hence  the  equation  might  be: 
MnO,  +  4Ha-»2H,0  +  MnCI^. 
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"B  more  complex,  but  is  simply  a  combination  of  tlic  two  chcm- 
dianges,  and  is  represented  by  the  equation: 
•lO,  +  2Naa  +  3H,S0,  -*  2H,0  +  2NaHS0j  +  MnSO.  +  2C1. 

I  3  mixture  cannot  be  used  with  potassium  permanganate,  as 
1  is  apt  to  occur. 

f^hyaieal  Properties.  —  Chlorine  differs  from  the  gases  we  have 

Countered  so  far  in  having  a  strong  greeniah-yellow  tint  (Gk. 

"^lA,  pale  groen),  a  fact  which  gave  rise  to  its  name,  and  having  a 

werful,  irritating  effect  upon  the  membranes  of  the  nose  and  throat. 


I  Density  (H  -  1),  35.79  BoiUng-point  (liq.),  -  33.0"* 

Weight  of  I  1.,  3.220  g.  Melting-point  (solid),  -  102= 

Sol'ty  in  Aq  (20=).  215  vols,  in  100  Vap.  tension  (Uq.)  O",  3.6«  atmos. 

I  Crit.  temp.,  +  146°  Vap.  tension  (liq.)  20°,  6.62  atmos. 


pince  &  liter  of  air  weighs  1.293  g.,  chlorine  is  two  and  a  half  times 

jftvier.     In  solubility  it  stands  between  slightly  soluble  gases,  hke 

ygen  and  hydrogen,  and  those  which  are  extremely  soluble.     It 

n  be  collected  over  hot  water  or  a  strong  solution  of  salt. 

Chlorine  was  first  liquefied  by  Northmore  (1805).     It  forms  a 

j.jI1ow  liquid  which,  contained  in  steel  cylindera  lined  with  lead, 

is  now  an  article  of  commerce-    On  being  cooled  below  —  102°,  it 

gives  a  pale-yellow  solid. 

^Chemtmt  Properties.— Chlorine  is  at  least  as  active  a  aub- 
mce  as  is  oxygen.  It  jiresenls  a  more  varied  array  of  chemical 
roperties  than  does  that  element, 
,  Chlorine  aiilt«B  directly  with  many  tlemeats.  A  jet  of  hydrogen 
)  vigorously  in  chlorine,  producing  hydrogen  chloride.  The 
Bion  of  the  gases,  when  a  mixture  of  them  is  kept  cold  and  in  the 
irk,  is  too  slow  to  be  perceived.  On  exposure  to  diffused  light, 
_  wever.  they  unite  slowly,  while  a  sudden  flash  of  sunlight  or  the 
burning  of  a  magnesium  ribbon  causes  instant  explosion.  The  func- 
tion of  the  light  here  is  entirely  different  from  that  in  the  decompo- 
.■iition  of  silver  chloride  (pp.  9, 13).  In  the  latter  case  light  was  used 
to  maintain  the  change,  which  comes  to  a  stop  whenever  the  light 
i«  withdrawn.  The  action  was  endotliermal  and  consumed  energy. 
l"he  union  of  hydrogen  and  chlorine  is  highly  exothermal,  and  a 
minimum  of  light  only  is  needed  to  start  it  (pp.  54,  55), 
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Sodium  bums  in  chlorine,  producing  a  cloud  of  winte  particles  of 
sodium  chloride.  Copper  in  the  condition  of  thin  leaf,  oommonly 
used  for  gilding  (Dutch-metal),  catches  fire  spontaneously  when 
thrust  into  the  gas.  Phosphorus  bums  in  it  with  a  rather  feeble 
light,  producing  primarily  phosphorus  trichloride  PC1„  a  liquid 
(b.-p.  74°).  K  excess  of  chlorine  is  present,  then,  as  the  trichloride 
cools,  it  combines  to  form  the  soUd  pentachloride  PCI5.  Almost  all 
the  more  familiar  elements  unite  directly  with  chlorine  to  form 
chlorides.  The  exceptions  are,  nitrogen,  oxygen,  carbon,  and  the 
helium  group  of  elements  (p.  49).  Compounds  with  all  but  the 
last  may  be  obtained  as  products  of  more  complex  interactions,  how- 
ever.   Some  elements,  like  phosphorus,  form  more  than  one  chloride. 

Carefully  dried  substances,  even  when  heated,  unite  slowly  or,  to 
all  appearance,  not  at  all  with  dry  chlorine.  The  introduction  of  a 
drop  of  water,  however,  into  a  remote  part  of  the  apparatus  at  once 
supplies  the  trace  of  moisture  which  seems  to  be  necessary  to  facili- 
tate the  chemical  change.  The  water  is  a  catalytic  agent,  and  we 
regard  it  as  simply  hastening  an  action  which  otherwise  is  vanishin^y 
slow  (p.  54). 

2.  Chlorine,  like  sodium  (p.  66),  may  also  displace  elements  wliieh 
are  already  in  combination.  Thus,  when  turpentine  (CioHie)  is  poured 
over  a  strip  of  paper  and  is  then  immersed  in  a  jar  of  chlorine,  a 
violent  action  takes  place,  and  an  immense  cloud  of  finely  divided 
carbon  bursts  forth.  The  heat  of  the  action,  as  it  starts,  vaporises 
the  turpentine,  and  the  hydrogen  in  the  latter  unites  with  the  chlorine 
forming  hydrogen  chloride,  while  the  carbon  is  set  free:  CioHie  + 
16C1  ->  16HCI  +  IOC. 

The  action  of  chlorine  on  potassium  iodide,  dry  or  in  solution,  is  of 
this  kind,  and  furnishes  the  commonest  test  (p.  66)  for  free  chlorine. 
The  chlorine  simply  takes  the  place  of  the  iodine  (KI+Cl— ♦KCl  +  I), 
and  the  latter  is  liberated.  Iodine,  when  moist,  is  deep  brown  in 
color,  and  the  amount  liberated  by  a  large  quantity  of  chlorine  may 
easily  be  seen.  Yet,  it  is  an  advantage  so  to  arrange  a  test  that  it 
may  be  as  delicate  as  possible,  that  is,  may  give  a  plainly  visible 
result  with  the  minimum  of  material.  In  this  case,  much  starch 
emulsion  and  a  little  potassium  iodide  are  employed.  Strips  of  filter 
paper  dipped  in  this  mixture,  when  brought  into  a  gas  containing 
even  a  trace  of  free  chlorine,  show  a  deep-blue  color  (see  Iodine). 
Combined  chlorine,  as  in  a  chloride,  has  no  effect  upon  starch. 
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3.  When  actions  like  that  on  turpentine  are  moderated  by  proper 
means,  the  decomposition  is  not  so  complete.  If  methane  (marsh 
gas,  CH4)  is  mixed  with  chlorine  and  exposed  to  sunlight,  a  slower 
action  occurs,  of  which  the  first  stage  consists  in  the  removal  of  one 
imit  weight  of  hydrogen  and  the  substitation  of  chlorine  for  it  accord- 
ing to  the  following  equation: 

CH,  +  2C1  ->  CH3CI  +  HCl. 

The  process  may  continue  further  by  the  substitution*  of  chlorine 
for  the  units  of  hydrogen  one  by  one  until  carbon  tetrachloride  (CCIJ 
is  finally  formed. 

A  most  interesting  and  important  action  of  this  class  occurs  when 
chlorine  is  dissolved  in  water.  A  small  part  of  the  chlorine  interacts 
with  a  little  of  the  water,  the  element  being  substituted  for  one-half 
of  the  hydrogen: 

2C1  +  HOH  -->  HOCl  +  HCL  (1) 

Only  traces  of  hydrogen  chloride  and  hypochlorous  acid  are  produced, 
however,  and  a  state  of  equilibrium  is  reached.  The  change  comes 
quickly  to  a  standstill,  because  the  products  interact  even  more 
vigorously  to  reproduce  chlorine  and  water: 

HCl  +  HOCl  ^  2C1  +  H5O,  (2) 

the  interaction  being  reversible  (p.  46).  This  interaction  of  chlorine 
and  water  (1),  slight  as  it  is,  is  of  importance  on  accoimt  of  the 
instability  of  the  hypochlorous  acid  (g.t?.)  which  it  produces.  When 
the  solution  is  exposed  to  sunlight,  the  hypochlorous  acid  decom- 
poses and  oxygen  gas  is  produced:  HCIO  — *  HCl  +  O.  Since  this 
removes  the  substance  on  whose  interaction  with  the  hydrogen 
chloride  in  (2),  the  reversal  of  (1)  depends,  the  latter  action  pro- 
ceeds  under    continuous   illumination    gradually   to    completion. 

*  lubttltutlon  resembles  displacement  (p.  68)  in  that  an  element  and  a 
compound  interact,  and  the  element  takes  the  place  of  one  unit  in  the  com- 
position of  the  latter.  In  the  above  action,  one  tmit  of  chlorine  takes  the 
place  of  one  unit  of  hydrogen.  But  the  latter  te  not  liberated:  it  combines 
with  another  unit  of  chlorine.  Double  decomposition  the  action  is  not, 
because  elements  do  not  decompose.  The  name  used  is  intended  to  fix  the 
attention  on  the  compound  and  on  the  fact  that  one  unit  has  been  eubslitiUed 
for  another  in  it.  This  conception  is  a  favorite  one  in  the  chemistry  of  com- 
pounds of  carbon. 
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Hence  the  aqueous  solution  of  chlorine  must  be  kept  in  the  dark, 
smce  otherwise  a  dilute  solution  of  hydrogen  chloride  alone 
remains. 

The  reader  should  note  here  the  displacement  of  the  equilibrium, 
a  chemical  one  in  this  case,  in  consequence  of  the  annulment  of  one 
of  the  opposing  tendencies  (p.  91).  Through  the  destruction  of 
the  h3rpochlorous  acid,  one  of  the  tendencies,  namely  that  repre- 
sented in  the  forward  direction  of  (2),  becomes  inoperative. 

4.  Chlorine  may  simply  add  itself  to  a  componzid.  Thus,  one  of 
the  oxides  of  carbon,  carbon  monoxide  CO,  when  mixed  with  chlorine 
and  exposed  to  simlight  gives  drops  of  a  volatile  liquid  (b.-p.  8.2®) 
known  as  phosgene  COCl,. 

Chemical  Relatiana  of  the  Element.*  —  In  the  formation  of 

chlorides,  an  atomic  weight  of  chlorine  is  equivalent  to  one  atomic 
weight  of  hydrogen  or  of  sodium.  The  element  is,  therefore,  univa- 
lent (p.  70).  It  never  shows  any  higher  valence  than  this,  save  in 
its  oxygen  compounds  (see  Chap.  xvi).  The  oxides  of  chlorine  inter- 
act with  water  to  give  acids,  and  the  element  is,  therefore,  to  be 
classed  as  a  non-metal  (p.  82).  It  belongs  to  that  group  of  the 
non-metals  called  the  halogens  (q.v,),  as  a  consideration  of  some 
others  of  its  relations  will  show  (see  Chap.  xiv). 

U8e8  of  Chlorine.  —  Large  quantities  of  chlorine  are  manu- 
factured for  the  preparation  of  bleaching  materials  and  disinfecting 
agents.  In  disinfection,  the  minute  germs  of  disease  and  putrefac- 
tion are  acted  upon  either  by  the  chlorine  or  by  the  hypochlorous 
acid  formed  by  its  interaction  with  water,  and  instantly  their  life  is 
destroyed.  One  of  the  processes  for  the  extraction  of  gold  involves 
an  action  of  chlorine  gas  upon  the  material  after  it  has  received 
preliminary  treatment.  A  chloride  of  gold  is  formed,  which  can  be 
dissolved  out  of  the  matrix  by  means  of  water,  and  the  metallic  gold 
is  afterwards  precipitated  from  the  solution. 

*  In  accordance  with  the  distinction  that  must  be  drawn  (p.  20)  between 
the  element  as  a  variety  of  matter  in  combination,  and  the  elementaiy  mil^ 
stance  or  free  form  of  the  element,  and  to  avoid  a  common  source  of  con- 
fusion, we  shall  always  f^ve  only  the  behavior  of  the  elementary  svbttanoB 
under  the  title  chemical  properties.  The  characteristics  which  dJHtingin^h 
the  compounds  of  the  element,  as  a  class,  from,  or  relate  them  as  a  class  to  tlie 
compounds  of  other  elements  will  then  appear  in  a  separate  section  under 
the  title  "  Chemical  relations  "  (see  pp.  157,  172). 
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Hydrogen  Chloride  HCl. 

PrepartMon  from  Sodium  Chloride.  —  As  we  have  seen,  the 
direct  union  of  hydrogen  and  chlorine  produces  a  gas,  hydrogen 
chloride  (HCl).  For  the  purpose  of  preparing  this  gas,  however, 
some  more  easily  managed  method  will  naturally  be  employed. 

In  commerce  large  quantities  of  hydrogen  chloride  are  obtained  as 
a  by-product  in  connection  with  the  manufacture  of  soda.  The  same 
materials  are  commonly  employed  in  the  laboratory.  Common  salt 
is  treated  with  concentrated  sulphuric  acid  at  a  gentle  heat.  Effer- 
vescence is  seen  and  hydrogen  chloride  is  given  off,  while  a  com- 
pound known  as  sodium  hydrogen  sulphate  (sodium  bisulphate  or 
acid  sulphate)  remains  behind.  The  action  is  represented  by  the 
equation: 

NaCl  +  HjSO,  ->  Ha  t  +  NaHSO,.  (1) 

The  apparatus  used  in  the  preparation  of  chlorine  (Fig.  43)  may  be 
employed.  On  account  of  its  extreme  solubility,  the  gas  is  not 
washed  in  water,  however.  For  the  same  reason  it  must  be  collected 
by  downward  displacement  of  air,  or  over  mercury. 

The  above  statements  apply  to  the  action  when  no  high  tempera- 
ture is  employed.  If,  however,  a  larger  proportion  of  salt  is  used 
and  a  sufficiently  high  temperature  produced  by  artificial  heating, 
then  neutral  sodium  sulphate  is  formed  according  to  the  equation: 

2NaCl  +  HjSO,  ->  2HC1  +  Na^O,.  (2) 

The  former  action  is  that  which  occurs  under  the  conditions  used  in 
the  laboratory.  The  latter  is  the  action  which,  with  furnace  heat, 
is  employed  in  commerce,  since  it  is  for  the  purpose  of  making  so- 
dium sulphate  (Na^SO^),  from  which  sodium  carbonate  is  afterwards 
to  be  prepared,  that  the  operation  is  undertaken.  The  hydrogen 
chloride  passes  through  a  tower,  down  which  water  trickles  over 
lumps  of  coke,  and  is  dissolved.  The  aqueous  solution  is  called 
hydrochloric  acid,  or,  in  commerce,  muriatic  acid. 

Interaction  of  Acids  and  Chlorides.  —  It  should  be  noted: 

1.  That  the  above-mentioned  actions  are  both  double  decom- 
positions. 

2.  That  when  any  acid  is  used  in  a  double  decomposition,  another 
acid  must  result,  by  transfer  of  the  radical  hydrogen  which  all  acids 
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contain.  For  example,  with  ammonium  nitrate  and  sulphuric  add 
we  obtain  nitric  acid: 

(NH  JNO,  +  H^,  ->  HNO,  +  (NHJHSO^ 

3.  That  hydrogen  chloride,  in  particular,  can  be  formed  by 
double  decomposition  of  any  acid  with  any  svbstance  coniaimng  the 
chloride  radical  (CI). 

To  make  hydrogen  chloride,  use  of  an  acid  that  can  be  obtained 
free  from  any  large  amount  of  water  gives  the  best  result  (see  below). 
Thus,  concentrated  phosphoric  acid  with  any  chloride  will  give  a 
change  parallel  to  those  described  above.  With  potassium  chloride 
this  action  would  be,  KCl  +  HjPO^  ->  HCl  f  *  +  KHjPO^  (primary 
potassium  phosphate). 

The  Kinetic  Hypothesis  Applied  to  the  InieraeHan  of  Sul- 
phuric Acid  and  Salt*  —  One  who  has  used  the  above-described 
method  for  making  hydrogen  chloride  without  reflection  would  not 
realize  the  complexity  of  the  machinery  by  which  the  result  is 
achieved.  The  means  are  apparently  very  simple.  Yet  the 
mechanical  features  of  this  experiment,  when  laid  bare,  are  extremely 
curious  and  interesting.  A  single  fact  will  show  the  possibilities 
which  are  concealed  in  it. 

If  we  take  a  saturated  solution  of  sodium  hydrogen  sulphate  in 
water  and  add  to  it  a  concentrated  solution  of  hydrogen  chloride  in 
water  (concentrated  hydrochloric  acid),  we  shall  perceive  at  once  the 
formation  of  a  copious  precipitate.  This  is  composed  entirely  of 
minute  cubes  of  sodium  chloride: 

NaHSO,  +  HCl  -^  H^SO,  +  NaQ  j.*  (3) 

Now  this  action  is  nothing  less  than  the  precise  reverse  of  (1),  yet  it 
proceeds  with  equal  success.  In  fact,  this  chemical  interaction  is  not 
only  reversible  (pp.  46,  51,  115),  but  can  be  carried  to  completion  in 
either  direction.  It  is  only  in  presence  of  a  large  amount  of  water 
that  it  stops  midway  in  its  career  and  is  valueless  for  securing  a 
complete  transformation  in  either  direction: 

NaHSO,  +  HCl  ^  H^SO,  +  NaCl. 

In  an  action  which  is  reversible,  if  the  products  remain  as  perfectly 

♦  The  arrow  directed  downwards  indicates  elimination  of  a  nubstance  by 
precipitation,  that  directed  upwards,  escape  as  a  gas  or  solution  of  a  solid. 
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mixed  and  accessible  to  each  other  as  were  the  initial  substaacea, 
their  interaction  will  continually  undo  a  part  of  the  work  of  the 
forward  direction  of  the  change.  Hence,  in  such  a  case  the  reaction 
must,  and  does,  come  to  a  standstill  while  as  yet  only  partly  accom- 
plished (c/.  p.  115);  but  this  was  not  the  case  with  actions  (1)  and 
(3).  Let  us  examine  the  means  by  which  the  premature  cessation 
of  each  was  avoided. 

In  equation  (!)  the  salt  dissolved  to  some  extent  in  the  sulphuric 
acid,  NaCI  (solid)  i^  NaCI  (dslvd),  and  so,  by  contact  of  the  two 
kinds  of  molecules,  the  products  were  formed.  On  the  other  hand, 
the  hydrogen  chloride,  being  insoluble  in  sulphuric  acid,  escaped  as 
fast  as  it  was  formed:  HCI  (dslvd)  i^  HCl  (gaa).  Hence,  in  that 
case,  almost  no  reverse  action  was  possible,  and  the  double  decom- 
position went  on  to  completion.  With  all  the  sodium  hydrogen 
sulphate  in  the  bottom  of  the  flask,  and  most  of  the  hydrogen 
chloride  in  the  space  above,  the  two  products  might  as  well  have 
been  in  separate  vesseb  so  far  as  any  efficient  re-interaction  was 
concerned.  This  plan,  in  which  water  is  purposely  excluded,  forms 
therefore  the  method  of  making  hydrogen  chloride. 

In  equation  (3),  on  the  other  hand,  the  hydrogen  chloride  was 
taken  in  aqueous  solution,  and  was  kept  permanently  in  full  contact 
with  the  sodium  bisulphatc.  It  had  therefore,  in  this  case,  every 
opportunity  to  interact  with  the  latter  and  no  chance  of  escape. 
Every  molecule  of  each  ingredient  could  roach  everj-  molecule  of 
the  other  with  equal  ease.  Furthermore,  the  sodium  chloride 
produced  as  a  rfflult  of  their  activity  is  not  very  soluble  in  con- 
centrated hydrochloric  acid  (tar  less  so  than  In  water),  and  so  it 
came  out  as  a  precipitate:  NaCI  (dslvd)  ^  NaCI  (solid).  But  this 
was  almost  the  same  as  if  it  had  gone  off  as  a  gas.  It  meant 
that  the  greater  part  of  the  salt  was  in  the  solid  form.  It  was 
in  a  8tat«  of  fine  powder,  it  is  true.  But,  in  the  molecular  point  of 
malWt  particle  of  a  powder  contains  millions  of  mole- 
i,  and  most  of  the«e  are  necessarily  buried  in  the  interior  of  a 
Mrticle.  Tiius  the  sodium  chloride  was  no  longer  able  to  interact 
'effectively  molecule  to  molecule  with  the  other  product,  the  sulphuric 
acid.  Hence,  there  was  Ultle  reverse  action  to  impeile  the  progress 
of  the  primary  one.     Thus  (3)  is  nearly  as  perfect  a  way  of  liberating 

^Kjolphuric  acid  as  M)  is  of  liberating  hydrogen  chloride. 

H»  This  diacuaaion  is  given  to  illustrate  the  displacement  of  a  chemical 
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equilibrium,  and  to  esxplain  the  method  of  preparing  hydrogen  chlo- 
ride. It  also  throws  an  interesting  light  on  ^^'i^w^kml  allliittj .  however. 
Considering  action  (1),  by  itself,  we  might  reason  that  the  hyvlrogen 
chloride  was  formed  because  the  aflSnity  of  the  hydrogen  (H)  fv 
chlorine  (Ci)  was  greater  than  for  the  sulphate  radical  (SO J.  But, 
if  we  did  so,  then  in  action  (3)  we  should  be  compelled  to  reason 
similarly  that  the  preponderance  of  affinity  was  just  the  opposite. 
In  point  of  fact,  no  conclusion  about  relative  affinity  can  be  drawn 
from  these  actions.  The  effects  of  affinity  are  here  aitirely  sub- 
ordinated by  the  effects  of  a  purely  mechanical  arrangement,  depend- 
ing on  solubility.  When  the  activities  of  the  acids  are  prop^y 
compared,  hydrochloric  acid  is  found  to  be  considerably  more  active 
than  sulphuric  acid. 

Bhysical  Broperties.  —  Hydrogen  chloride  is  a  oolorleas  gas, 

which  produces  a  suffocating  effect  when  breathed. 

Density  (H  =  1),  18.23  Crit.  temp.,  +  52** 

Weight  of  1  1.,  1.64  g.  Boiling-point  Oiq.),  —  83.7® 

Sorty  in  Aq  (0^),  50,300  vols,  in  100        Melting-point  (solid),  -  IIQP 

The  gas  is  one-fourth  heavier  than  air.  On  account  of  its  great 
solubility  it  condenses  atmospheric  moisture  into  a  fog  of  drops  of 
hydrochloric  acid.  Both  in  the  gaseous  and  liquefied  states  it  is  a 
nonconductor  of  electricity.  Its  heat  of  solution  (p.  100)  is  17,400 
calories.  On  account  of  its  high  concentration,  the  saturated,  aque- 
ous solution  may  be  looked  upon  as  a  mixture  of  liquefied  hydrogoi 
chloride  and  water. 

When  the  concentrated  aqueous  solution  is  heated,  it  is  the  gas  and 
not  the  water  which  is  driven  out,  for  the  most  part.  When  the  con- 
centration has  been  reduced  to  20.2  per  cent,  the  rest  of  the  mixture 
diHtiJH  unchanged  at  110°.  If  a  dilule  solution  is  used,  waier  is  the 
chief  product  of  distillation  (alK)Ut  100°),  but  gradually  the  boiling- 
point  ri.ses,  and,  when  the  concentration  has  reached  20.2  per  c«it 
once  more,  the  same  hydrochloric  acid  of  constant  boiling-point,  as  it 
is  called,  forms  the  nwicluo. 

Chemical  Propertirtt,  Hydrogen  chloride  is  extremely  stable, 
as  we  might  expect  from  !ho  vi^or  witli  whi<'h  the  elements  of  which 
it  is  comfK)Hod  combiiio.  On  lining  heated  to  a  temperature  of 
1800°  it  begins,  however,  to  dinrtodiate  into  its  constituents. 
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In  the  chemical  point  of  view,  it  b  od  the  whole  rather  aa  indif- 
ferent substance.  Hydrogen  chloride  (the  gas)  has  no  action  upon 
any  of  the  non-metals,  such  aa  phosphorus,  carbon,  sulphur,  etc. 
Many  of  the  metals,  however,  particularly  the  more  active  ones,  such 
as  potassium,  sodium,  and  magnesium,  decompose  it.     Hydrogen  la 
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set  free,  and  the  chloride  of  the  metal  is  formed  (K + HCl->  KCl  +  H) . 
Hydrogen  chloride  unites  directly  with  ammonia  gas  to  form  solid 
ammonium  chloride  (HCl  +  NH,  -*  NH«C1).  The  hquefied  gas  has 
the  same  properties. 

CoMjKi«Mtom. — The  proportion  of  hydrogen  to  chlorine  by  wei^t 
in  this  compound  is  1.008  :  35.45. 
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The  proportion  by  volume  in  which  the  constitu^its  unite,  and 
the  relation  of  this  to  the  volume  of  the  resulting  hydrogen  chloride, 
may  easily  be  shown  in  several  wa3rs.  The  decomposition  of  the 
solution  of  hydrogen  chloride  in  water  by  means  of  the  electric  cur- 
rent proves  that  the  gases  are  liberated  in  equal  volumes.  Brownlee's 
apparatus  for  demonstrating  this  is  shown  in  Fig.  44.  The  central 
part  is  the  same  as  in  Fig.  21,  but,  when  the  three-way  stopcock  is 
closed,  the  gases  go  to  right  and  left,  and  displace  the  liquid  in  two 
outside  tubes.  The  equal  rate  at  which  this  takes  place  on  both 
sides  proves  that  the  gases  are  generated  in  equal  volumes. 

In  order  to  ascertain  the  relation  between  the  volumes  of  the  con- 
stituents and  that  of  the  product,  we  may  imite  the  gases  and  find 
out  whether  any  change  in  volume  occurs.  A  tube  with  thick  waUs 
(Fig.  45)  is  filled  with  the  mixed  gases  obtained  by  electrolysLs.  By 
dipping  one  end  of  the  tube  under  mercury  and  opening  the  lower 
stopcock,  it  is  seen  that  no  gas  leaves  and  no  mercury  enters.  After 
the  mixture  has  been  exploded,  by  the  light  from  burning  magnesium, 
the  same  test  is  repeated  with  the  same  result.  The  pressure  has 
therefore  remained  equal  to  that  of  the  atmosphere.  Hence  there 
has  been  no  change  in  volume  as  the  result  of  the  union.  It  i^pears 
therefore,  that: 

1  vol.  hjrdrogen  +  1  vol.  chlorine  — >  2  vols,  hydrogen  chloride, 
a  result  in  harmony  with  Gay-Lussac*s  law  (p.  84). 

Chlorides.  —  The  chlorides  are  described  individually  under  the 
other  element  which  each  contains.  For  the  present  we  simply  add 
to  the  statement  on  p.  118  that  the  majority  of  the  chlorides  of  the 
metals  are  easily  soluble  in  water.  The  chief  exceptions  are  silver 
chloride  (Ag(;i),  mercurous  chloride  (calomel,  HgCl),  cuprous  chlo- 
ride (CuCI),  and  lead  chloride  (PbClj.  The  last  of  these.is  on  the 
border  line  as  regards  solubility.  An  appreciable  amount  dissolves 
in  cold  water,  and  a  considerable  amount  in  boiling  water  (see  Table 
of  solubilities,  inside  the  cover  at  the  front  of  this  book). 

The  various  modes  of  preparing  chlorides  are  enumerated  in  the 
next  section. 

Chemical  Properties  of  Hydrochloric  Acid.  —  The  solution  of 
hydrogen  chloride  in  water  is  an  entirely  different  substance  in  its 
chemical  behavior  from  hydrogen  chloride.     It  is  strongly  acid,  turn- 
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Ing  litmus  red.  The  gas  and  liquefied  gas  have  no  such  property. 
The  aoiution  conducts  electricitjr,  as  we  have  seen,  very  well,  and  is 
decomposed  in  the  process,  while  the  ga.s  aad  the  liquefied  gas  are 
practically  nonconductors. 

Many  metala,  when  introduced  into  hydrochloric  acid,  dlspUe«  the 
hsrdrogon  (p.  65),  and  form  the  chloride  of  the  metal.     In  the  case 
of  zinc  the  action  was  represented  by  the  equation: 
Zn  +  2HCI  ->  ZnCl,  +  2H. 

The  aqueous  solution  of  hydrogen  chloride  iiit«Tut8  rapidly  with 
most  oxides  and  hydioxides  of  metals,  as,  for  example,  those  of  zinc: 
ZnO  +  2HC1  —  ZnC:,  +  H,0, 
Zn{OH),  +  2HC1  -^  ZnCI,  +  2H,0. 

Here  no  free  hydrogen  is  obtained,  since  the  oxygen  in  the  o-xide,  and 
the  hydroxyl  in  the  hydroxide,  unite  with  it  to  form  water.  In  each 
case,  however,  the  chloride  of  the  metal  is  obtained.  It  may  be 
noted,  in  passing,  that  all  acids  behave  in  a  similar  manner  towards 
oxides  and  hydro.xides,  giving  water  and  a  compound  correspx)nding 
to  the  chloride  (c/.  p.  111).  Dilute  sulphuric  acid,  for  example,  ^ves 
sulphates. 

In  the  two  preceding  paragraphs,  three  kinds  of  actions,  each  con- 
stituting n  dilTorent  mode  of  preparing  ehloridea,  have  been  mentioned 
incidentally.  Tliere  are  two  others  which  we  have  already  encoim- 
tered.  The  simpleet  ia  the  direct  union  of  the  element  with  chlorine 
(Zn  4-  2C1  —  ZnCl,).  The  other  method  is  illustrated  in  the  case  of 
the  precipitation  of  silver  chloride  (p.  8).  Here  the  formation  of 
the  chloride  occurred  by  exchange  of  another  radical  for  chlorine 
(AgNO,  +  Naa  —  AgC!  i  +  NaNO^.  The  insoluble  chlorides  (p. 
122}  can  be  made  conveniently  by  this  plan.  The  formation  of  the 
precipitatee,  for  example  that  of  silver  chloride,  is  used  as  a  tart  for 
the  presence  of  a  soluble  chloride  in  the  solution. 

The  solution  of  hydrogen  chloride  in  water  sold  in  commerce  is 

known  by  the  name  of  moriatlo  acid  (Lat.  muria,  brine).     It  is  a 

yellow  liquid  which  cont^ns  a  number  of  impurities.    The  most  com- 

L  mon  are,  ferric  chloride,  which  is  responsible  for  part  of  the  yellow 

L^t,  some  yellow  organic  coloring  material,  arsenious  chloride,  and 

e  chlorine.    The  add  frequently  gives  a  residue  when  evaporated, 

1  this  must  of  course  represent  some  impurity.    It  ia  sometimes 
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adulterated  with  calcium  chloride,  since  the  price  obtained  depends 
upon  the  specific  gravity  of  the  solution,  and  tiiiis  may  be  raised  by 
dissolving  calcium  chloride  in  it. 

Clasaifteation  of  ChenUetU  Intenietians  and  MxerciBes 
Thereon.  —  So  far  we  have  defined  ten  more  or  less  distinct  kinds  of 
chemical  change,  seven  differing  in  mechanism:  Oombinatkm  (p.  9), 
decomposition  (p.  10),  disBociation  (p.  81),  displacemant  (p.  68),  snbsfci- 
tation  (p.  115),  double  decompoiition  (pp.  10,  68),  and  intenial  rear- 
rangement (p.  10);  and  three  others:  oxidation  (pp.  52, 75, 110,  112), 
reduction  (pp.  53, 75),  and  electrolysis  (pp.  13, 64).  Illustrations  of  all 
but  one  of  these  will  be  found  in  the  present  chapter.  Some  actions 
belong  to  one  of  the  first  seven,  and  also  to  one  of  the  three  other 
classes.  The  ability  readily  to  classify  each  phenomenon,  as  it 
comes  up,  requires  precisely  that  grasp  of  the  framework  of  the 
science  which  the  reader  must  seek  speedily  to  attain.  For  example, 
let  him  classify  the  following  actions:  1.  action  of  potassium  on 
water;  2.  of  heat  on  potassium  chlorate;  3.  of  chlorine  on  metals 
4.  of  chlorine  on  tiupentine;  5.  of  chlorine  on  potassium  iodide 
6.  of  chlorine  on  methane;  7.  of  carbon  monoxide  and  chlorine 
8.  of  sunlight  on  hypochlorous  acid;  9.  of  sulphuric  acid  on  salt 
10.  of  zinc  oxide  and  hydrochloric  acid;  11.  of  zinc  on  hydro- 
chloric acid. 

12.  In  the  interactions  of  potassium  permanganate  and  of  man- 
ganese dioxide,  respectively,  with  hydrochloric  acid,  what  fractions 
of  the  whole  chlorine  are  liberated?  What  are  the  commercial 
advantages  of  the  use  of  salt  and  sulphuric  acid  with  the  manganese 
dioxide? 

13.  In  view  of  the  explanations  ^ven,  can  you  define  the  general 
nature  of  the  substances  (p.  Ill)  which  may  be  used  to 
hydrochloric  acid? 


CHAPTER  XII 
MOLE0X7LAB  WEIGHTS  AND   ATOMIO  WEIGHTS 

AvoGADRo's  hypothesis  (p.  89)  has  proved  to  be  by  far  the 
most  suggestive  and  fruitful  of  all  the  conceptions  developed  from 
the  kinetic-molecular  hypothesis.  We  are  now  in  a  position  to 
discuss  several  of  its  most  important  applications.  To  speak  in 
terms  of  the  hypothesis,  these  concern  more  particularly  the  measure- 
ment of  the  relative  weights  of  the  molecules  of  different  gaseous 
substances,  and  the  determination  of  the  most  convenient  magni- 
tudes for  the  chemical  unit  weights  (atomic  weights;  cf,  p.  36). 

Meaning  of  Avogadro^s  Hypothesis.  —  First,  we  must  under- 
stand clearly  what  is  implied  in  the  statement  that:  In  equal  volumes 
of  all  gases,  at  the  same  temperature  and  pressure,  there  are  equal 
numbers  of  molecules.  It  means  that,  for  instance,  at  100^  and  760 
mm.,  in  all  specimens  of  gases  the  average  spacing  of  the  molecules 
is  identical.  This  condition  is  independent  of  the  nature  of  the  gas 
—  for  example,  whether  it  is  a  simple  or  a  compound  substance,  like 
oxygen  and  carbon  dioxide  respectively,  or  a  mixture,  like  air.  It 
means  that  when,  at  some  fixed  temperature,  we  fill  the  same  vessel 
with  a  number  of  different  gases  or  gaseous  mixtures  successively, 
the  number  of  molecules  that  it  will  hold  at  a  pressure,  say,  of  one 
atmosphere  will  always  be  the  same.  If  we  take  care  to  keep  tem- 
perature and  pressure  the  same,  the  equality  in  the  number  of  mole- 
cules that  will  enter  the  jar  will  take  care  of  itself  automatically. 
In  what  follows,  to  avoid  continual  repetition,  it  is  to  be  assumed 
that  temperatures  and  pressures  are  equal  unless  the  contrary  is 
expressly  stated. 

Molecular  Weights. 

The  JieUMve  Weights  of  the  Molecules.  —  According  to  Avo- 
gadro's  hypothesis,  vessels  of  equal  size  filled  with  different  gases 
contain  equal  numbers  of  gaseous  molecules.  Now  equal  volumes  of 
different  gases  differ  very  markedly  in  weight,  or,  in  other  words, 

126 


126 


COLLEGE  CHBMI8TB7 


the  densities  of  various  known  gases  cover  a  wide  range  of  values. 
Thus,  hydrogen  is  the  lightest  of  all,  chlorine  is  more  than  thirty- 
five  times,  mercuric  chloride  (corrosive  sublimate)  vapor  over  one 
hundred  and  thirty-four  times  as  heavy.  Since  these  different 
weights  of  equal  volumes  represent  the  weights  of  equal  numbers  of 
molecules,  the  difference  must  be  due  to  the  differing  weights  of  the 
molecules  themselves.  The  densitiea  of  gases,  therefore,  may  be 
taken  as  measures  of  the  relative  weights  of  their  Indivldiuil  molaoilM. 
The  extreme  significance  of  this  inference  in  chemistry  will  appear 
as  we  elaborate  upon  it. 

The  various  scales  on  which  the  densities  of  gases  may  be  calcu- 
lated, such  as  the  weights  of  one  Uter  of  each  gas,  or  the  wei^ts  of 
volumes  equal  to  that  of  one  gram  of  air,  are  illustrated  in  the  first 
two  columns  of  the  following  table: 


Hydrogen  .... 

Oxygen 

Chlorine     .... 
Hydrogen  chloride 
(*urhon  dioxide    . 
Water 

Mercury 

Mercuric  chlori<l('   , 
Air 


Weight  of 

Density. 
Air~l 

Molecular 

One  Liter,  0° 

Weifflit. 

and  760  mm. 

Ox.— 82. 

0.090 

0.0696 

2.016 

1.429 

1.105 

82.00 

3.166 

2.449 

70.90 

1.628 

1.259 

36.4S8 

1.965 

1.520 

44.00 

0.8045 

0.622 

18.016 

8.932 

6.908 

200.0 

12.097 

9.354 

270.90 

1.293 

1.00 

28.955 

The  values  for  water  (b.-p.  100°),  mercury  (b.-p.  357°),  and  mer- 
curic chloride  (b.-p.  3(X)°)  are  measured  at  high  temperatures  and 
reduced  by  rule  (p.  62)  to  0°  and  760  mm.  All  the  numbers  in  the 
first  two  columns,  as  they  stand,  are  purely  physical  in  derivation. 
Those  in  the  second  column  are  obtained  from  those  in  the  first  by 
using  the  proportion: 

1.293  (wt.  1  1.  air)  :  1.00  (air  =  1)  : :  wt.  of  1  1.  any  gas  :  x  (dens,  of 
that  gas). 

The  last  column  will  be  explained  presently.  Since  the  numbers  in 
the  first  column  apply  to  equal  volumes  (1  1.),  and  those  in  the 
second  stand  in  constant  ratios  to  them,  the  weights  in  the  second 
column  represent  equal  volumes  also.    In  the  second,  the  volume 
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is  r.As  '■  The  values  in  eUka"  one  of  the  colurane  represent  the 
relative  weights  of  the  molecules  of  the  various  substances  (see 
Exercise  1  in  this  chapter). 

aioteeular  Weights,  —  The  foregoing  section  shows  that,  pro- 
vided a  substance  is  a  gaa  or  can  be  volatilized,  the  relative  weight 
of  its  molecules,  compared  with  those  of  other  volatile  substances, 
can  be  ascertained.  To  save  words,  the  relatim  weight  of  the  vwle- 
adea  of  a  substance  is  called  the  molecular  weight  of  the  substance. 
Since  the  absolute  weights  of  molecules  cannot  be  determined,  the 
next  question  which  arises  is  as  to  the  choice  of  an  appropriate  unit, 
and  therefore  an  appropriate  scale  for  these  relative  weights,  or 
molecular  weights.  Now  the  numbers  already  given,  in  the  first 
two  colurans  of  the  table,  are  purely  physical  data  and,  as  they 
stand,  lack  direct  relation  to  chemical  facts.  A  set  of  chemical  num- 
bers is  required  for  chemical  purposes.  We,  therefore,  proceed  next 
to  show  how  the  required  relation  between  the  relative  weights  of 
molecules  and  chemical  facts  can  be  established. 

Chemistry  deals  with  chemical  combination,  and  most  substances 
are  compounds.  If  we  fix  our  attention,  then,  first,  on  compound 
substances  and  their  molecules,  we  perceive  at  once  that  the  mole- 
cules of  a  compound  substance  must  contain  two  or  more  elements 
in  definite  proportions  by  weight.  We  may  therefore  extend  the 
molecular  hj^pothesis  by  suppo.sing  that  a  molecule  is  composed  of 
smaller  parts,  which  we  call  atoms.  The  atoms  will  be  elementary. 
Thus  the  molecule  of  the  compound  will  contain  one  or  more  atoms 
of  each  of  the  component  elements.  This  conception,  the  starting- 
point  of  the  atomic  hypothesis,  is  elaborated  in  the  next  chapter. 
Its  introduction  in  the  present  connection,  however,  at  once  suggests 
two  ideas.  In  the  first  place,  since  we  can  now  determine  the  relative 
weights  of  molecules,  we  should  also  somehow  be  able,  with  the  help 
of  the  combining  proportions,  to  determine  the  relative  weights  of 
the  atoms  of  the  elements.  If  these  relative  weights  of  atoms  are 
properly  determined,  then  the  weights  of  the  atoms,  when  added 
together,  should  pve  the  weight  of  the  molecule.  Thus,  —  and  this 
ia  thesecond  idea,  and  the  one  of  most  immediate  use  to  us, — the  scale 
for  relative  weights  of  molecules  must  be  chosen  with  reference  to 
the  scale  for  relative  wmgfata  of  the  atoms,  so  that  the  former  weights 
may  always  include  the  latter.    That  ia  to  say,  the  molecular  weights 
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must  be  based  upon  the  combining  wdghts.  This  means  that  the 
scale  must  be  such  that  no  molecule  of  a  compoimd  of  hydrogen  shall 
receive  a  value  so  small  that  the  proportion  of  hydrogen  in  it  is  less 
than  1.008.  Furthermore,  since  the  combining  wei^t  of  oxygen  is 
the  standard  for  combining  proportions,  it  is  desirable  to  use  this 
substance  as  basis  of  the  scale  of  molecular  wei^ts.  Now,  as  we 
shall  find  (see  p.  131),  it  turns  out  that,  to  avoid  obtaining  propoi^ 
tions  of  hydrogen  less  than  unity,  we  are  compelled  to  take  the  scale 
32  for  the  molecular  weight  of  oxygen.  Our  chemical  scale  of  densi- 
ties is  therefore  calculated  to  the  scale,  density  of  oxygon  ^  82.  This, 
then,  is  the  answer  to  the  problem  with  which  the  section  opened. 
The  third  column  of  the  table  (p.  126)  shows  the  results  of  recalcu- 
lating the  densities  to  this  chemical  scale.    The  proportion  used  is: 

Density  of  Ox.  :  Density  of  Substance  : :  32  :  x. 

Thus,  if  we  take  the  densities  from  the  first  column,  the  value  for 
water  is  found  by  the  proportion,  1.429  :  0.8045  : :  82  rrc  (=  18.016). 
That  is,  we  multiply  the  weight  of  a  Uter  of  the  gas  by  32/1.429  to 
get  the  molecular  weight. 

Since  the  gram  is  the  unit  of  weight,  32  g.  of  oxygen,  or  18.016  g.  of 
water  is  called  the  gram-molecular  weight  of  the  substance.  It  will 
be  noted  that  32  g.  is  not  the  weight  of  a  molecule  of  oxygen.  It  is 
the  weight  of  a  very  large,  and  not  exactly  known  number  of  mole- 
cules of  oxygen.  But,  whatever  that  number  of  molecules  of  oxygen 
is,  18.016  g.  of  water  contains  the  same  number  of  molecules,  and  the 
other  weights  in  the  same  column  are  weights  of  numbers  of  mole- 
cules equal  to  these.  The  term  gram-molecular  weight  being  some- 
what ponderous,  we  abbreviate  it  to  molar  weight,  and  still  further  to 
mole.  Thus,  a  mok  of  chlorine  is  70.9  g.  of  the  element,  and  a  mole 
of  hydrogen  chloride  is  36.458  g.  of  the  compound. 

The  Oram'Molecular  {Molar)  Volume.  —  The  weights  in  the 
last  column  of  the  table  (p.  126)  must  represent  equal  volumes  of 
the  different  gases.  This  follows  from  the  fact  that  they  are  derived 
from  the  values  in  the  first  column  by  multiplying  by  a  constant 
ratio  (32/1.429),  and  the  volume  in  the  first  column  is  always  1  liter. 
The  actual  dimension  of  this  volume  is  evidently  32/1.429  liters, 
which  is  almost  exactly  22.39,  or  in  round  numbers  22.4  liters.  This 
volume  at  0°  and  760  mm.  holds  32  g.  of  oxygen,  70.9  g.  of  chlorine^ 
44.00  g.  of  carbon  dioxide,  or,  in  fact,  the  molar  weight  of  any  gaseous 


Bubstance.  It  is  called,  therefore,  the  giam-molMular  volume (O.M.V.) 
or  the  mol&r  Tolum«.  It  may  be  defined  us  that  voltima  which  contains 
one  molB  (gTam-molacular  weight)  of  Any  gaa  at  0°  and  7S0  mm.  At 
other  temperatures  and  pressures  the  G.M.V.  has  correeix)ndingly 
different  values. 

The  G.M.V.  gives  us  a  concrete  conception  of  a  molar  weight. 
Thia  volume  is  represented  by  n  cube  (Fig.  46)  28.19  cm.  (or  about 
11.1  inches)  high.  Like  any  other 
volume,  it  holds  the  identical  numbers 
of  molecules  of  different  gases.*  Its 
capacity  at  0°  and  760  mm.  is  the 
number  of  molecules  in  32  g.  of  oxygen. 
Hence,  in  terms  of  the  hypothesis,  the 
weight  of  any  gas  which  fills  it  bears  to 
32  g.  the  same  ratio  as  the  weight  of  a 
molecule  of  that  gas  to  the  weight  of  a. 
molecule  of  oxygen.  We  may,  there- 
fore, state  the  method  ot  finding  the  molar  (gram- molecular)  weight  of 
a  subatance  thus;  Weigh  a  known  volume  at  the  substance,  at  any  tem~ 
pecatuie  and  pressure  at  which  it  is  gaseous,  reduce  this  volume  by  rule 
to  (P  and  760  mm.,  and  calculate  by  proportion  the  weight  of  22.4  Uteri 
{sec  Exercisesi  !,  2,  3,  5). 

That  quantity  ot  each  substance  which  at  0°  and  760  mm.  would  fill 
the  O.H.T.  cube  is  the  unit  quantity  of  the  substance  for  all  theoretical 
purposes  in  chemistry.  It  represents  the  relative  weight  of  the  mole- 
cules of  the  substance.  We  shall  employ  it  at  once  for  the  puqjose 
of  determining  the  relative  vteighU  of  atoms,  or  atomic  weights. 

*  A  conuDon  question  is:  Do  not  moleculrs  of  difTercnt  suhBtancea  difTer 
in  siw,  and  will  not  the  numbers  rpqiiited  to  fill  the  G.M.V.  thrrrfore  be  diHo 
entT  The  answer  is  thnt  Iho  moli*ulrB  are  all  so  Hinall  compared  with  the 
iipBCOi  IwtwM^n  them  (at  760  mm.)  that  the  distancee  from  surface  to  surface 
an  piactieally  tlie  aaiiio  as  from  c»iit4>r  to  center.  A  G.M.V.  of  oxygen, 
when  liquefied,  givce  ]e«8  than  32  c.c.  of  liquid  oxygen,  or  leas  than  1/700  of 
the  volume  as  gas.  And  there  air  still  spaces  between  the  moleculoa  of  the 
liquid.  It  is  only  when  gases  ai«  so  scvrrcly  compressed  that  the  tiearaees  of 
thr  moleciilrs  to  one-  nnnther  appmaehra  that  found  in  the  licjuid  condition 
that  thi!  rffrcta  of  tbt?  bulk  of  the  molnrulcA  boeonicB  conspicuous,  and  a 
diffemice  in  the  behavior  of  <liftercnt  gnses  Is  iiolicoable.  But  in  the  worit 
dlsouved  In  this  chapter,  presaurm  over  oui*  ulmosphere  ato  not  used. 
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Atomic  Weights 


jyetermifUMtion  of  the  Atomic  Weight  of  E€uih  Eletnentm — 

If  the  paragraphs  dealing  with  combining  weights  are  now  re-read 
(pp.  31-38),  it  will  be  found  that  the  foundations  for  a  system  of 
weights  was  worked  out,  but  that  no  basis  for  definitely  fixing  the 
individual  values  was  discovered.  At  the  time,  the  only  information 
we  had  was  obtained  by  analyzing  compounds  and  reasoning  about 
the  results,  and  evidently  something  more  was  needed  for  the  abso- 
lute determination  of  the  values.  Thus  on  p.  35,  the  equally 
good  standing  of  two  different  possible  values  for  the  combining 
weight  of  copper,  namely  63.6  and  31.8,  was  brought  out.  The 
same  dilemma  would  have  occurred  with  every  element  which  com- 
bines in  two  or  more  different  proportions  with  any  other,  and  there- 
fore affects  nearly  the  whole  list.  In  the  history  of  chemistry^  the 
same  uncertainty  caused  much  controversy  among  chemists  and,  for 
years,  endless  confusion.  It  was  only  when  the  comparison  of  the 
combining  weights  \^ith  the  relative  weights  of  molecules  was  at 
last  rigorously  applied,  in  the  fashion  now  to  be  shown,  that  perfect 
order  in  chemical  weights  and  formulae  was  finally  achieved. 

To  determine  the  atomic  weights,  the  plan  of  procedure  is  per- 
fectly simple.  In  the  preceding  section  we  settled  upon  the  chemical 
unit  quantity  of  each  substance.  This  is  the  quantity  which,  in  the 
gaseous  condition,  would  fill  the  G.M.V.  (22.4  liters)  at  QP  and  760 
mm.  Now,  we  seek  the  chemical  unit  quantities  of  the  elements 
combined  in  each  substance.  Evidently  the  logical  and  consistent 
plan  must  be  to  take  the  amount  of  each  substance  which  fills  the 
G.M.V.  and  find  out  how  much  of  each  element  present  is  contained 
in  this  unit  amount  of  the  substance.  In  other  words,  to  put  the 
matter  concretely,  we  imagine  ourselves  filling  the  cube  (Fig.  46) 
with  one  compound  after  another,  and  in  each  case  determining  by 
analysis  the  weight  of  each  constituent  element  present  in  a  cube- 
full  of  the  substance.  To  carry  out  this  plan,  two  experimental 
operations  are  necessary  with  each  substance : 

First  we  determine  the  density,  and  this  gives  us  the  gram-molec- 
ular weight,  i.e.  the  amount  filling  the  cube.  This  shows  the  rela- 
tive weight  of  a  molecule  of  the  substance,  as  compared  with  that 
of  one  molecule  of  oxygen. 

Then  we  analyze  the  substance,  and  this  gives  us  the  quantity 
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of  each  constituent  in  the  total  gram-molecular  weight,  i.e.  in 
the  materiai  filling  the  cube.  This,  in  turn,  shows  the  weight  of  the 
quantity  of  each  element  present  in  each  molecule,  relative  to  the 
weight  of  a  molecule  of  oxygen. 

For  example,  the  cube  holds  36.45S  g.  of  hydrogen  chloride,  and 
this  amount,  when  decomposed,  yields  1.008  g.*  of  hydrogen  and 
35.45  g.  of  chlorine. 

Finally,  to  determine  the  best  combining  weight  for  a  given  ele- 
ment, we  repeat  the  two  foregoing  operations  with  as  many  different 
compounds  of  the  element  as  possible,  and  then  we  examine  the 
various  quantities  of  the  element  found  in  the  G.M.V.  of  the  various 
compounds.  From  inspetition  of  these  quantities  we  quickly  select 
tlio  value  of  which  sill  are  multiples,by  unity  or  some  mtegral  number. 
This  value  for  the  combining  weight  is  the  one  accepted.  In  terms 
of  the  hypothesis,  this  is  the  weight  of  one  atom  of  the  element,  com- 
pared with  the  weight  of  a  molecule  of  oxygen,  and  molecules  con- 
taining more  than  this  proportion  contain  two,  three,  or  more  atoms 
of  the  element. 

For  example,  if  we  are  seeking  the  atomic  weight  of  chlorine,  we 
set  down  the  result  for  hydrogen  chloride  just  ^ven.  Then  we  take 
another  compound  of  chlorine,  say  phosphorus  oxj-chloride.  We 
determine  the  weight  of  a  measured  volume  of  its  vapor,  at  a  prop- 
erly chosen  temperature  and  pressure,  and  the  result  gives  us,  by 
calculation,  the  molecular  weight,  viz.  153.35.  That  b,  153.35  g. 
of  the  substance  would  fill  the  cube,  if  it  could  be  kept  as  vapor  at 
0°  and  760  mm.  And  this  amount  of  the  substance  contains  31  g. 
of  the  element  phosphorus,  16  g.  of  the  element  oxygen,  and  106.35 
g.  of  the  element  chlorine.  We  then  continue  the  proccsaes  described, 
using  all  the  volatile  compounds  of  chlorine.  The  ini-olatile  com- 
pounds (like  common  salt)  must  be  set  aside,  for  they  cannot  lie 
vaporisied,  and  therefore  their  molecular  weights  cannot  be  deter- 
mined. When  we  have  studied  aa  many  compounds  aa  possible  in 
this  way,  we  find  that  there  are  different  quantities  of  chlorine  in 
our  list,  fru(  fke.\j  areall  intetfral  mxdtiples  o/.i5.45  g.    Inphosphnnia 

*  It  will  be  observed  that  if  the  unit  for  molecular  weights  had  been  lees 
than  the  number  of  moleculva  in  32  g.  of  oxygen,  then  an  equal  number  of 
mnlnciilM  of  hydrogeo  chloride  would  htive  eontaincd  less  than  1  008  g.  of 
hydrogen,  and  thv  atomic  weigbt  of  thin  elenienl  would  then  tiave  been  lem 
than  unity. 
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oxychloride,  for  example,  the  quantity  was  106.36,  or  3  X  35.4& 
Hence  35.45  g.  caa  be  taken  aa  the  unit  quantity,  the  atomla  walifat 
of  the  element  chlorine.  In  terms  of  ^e  hypotheus,  this  is  the 
relative  wdght  of  an  atom  of  chlorine,  as  compared  with  that  of  a 
molecule  of  oxygen,  when  the  value  32  is  assigned  to  the  latter.* 

In  the  following  tabls  a  few  un^la  nsulu  af  tin  prooias  Jut  oot- 
UiMd  are  given.  The  first  column  contains  the  molar  wed^t,  t.«. 
the  weight  of  the  substance  which  occupies  the  G.lf.V.  cube.  In 
the  other  columns  are  entered  the  weights  of  the  varioua  elemeata 
which  together  make  up  the  total  molar  w^ht.  To  simplify  the 
numbers,  the  value  1  is  used  for  hydrogen,  instead  of  1.008. 


Hydrogen  chloride  .  . 
Chlorine  dioxide  .  .  . 
Phosphorus  trichloride 
PhoHphorua  oxychloride 
Phosphoric  anhydride  . 

Phosphine 

Water 

Methane 

Acetylene 

Ethylene 

Formaldehyde     .... 

Acetic  acid 

HercurouH  chloride  .  . 
Mercuric  chloride  .   .   . 


36.45 
67.45 
137.35 
153.35 
2S4 
3t 


WelghM  at  CoDMitmoIa  In 


35. 4S 
35.45 

106.35 
106.35 


HCl 

CIO, 

PCI, 

FOCI, 

P.O.. 

PH. 

H,0 

CH, 

cja, 

C,H, 
CH,0 
C3.0, 

HgCl 
HgC!, 


*  It  should  be  noted  that  there  ia  another  unit  quantity  of  chlorias, 
namely  the  molecular  weight,  or  weight  of  the  G.M.V.  of  tbe  aubetancQ.  lUa 
is  the  unit  quantity  of  free  chlorine.  But  ne  are  dealing  now  with  compounda, 
and  proportions  in  combination,  so  that  free,  uncombined  chlorine,  and  otlwr 
elements  in  free  condition  do  not  interest  us  at  present,  and  will  be  taJGen  up 
later. 
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To  contain  similar  data  for  all  the  volatile  compounds  of  every 
known  element,  a  huge  table,  of  which  this  might  be  a  small  corner, 
would  be  required.  With  such  a  table  at  hand  the  atomic  weight 
of  each  element  could  promptly  be  picked  out.  Thus,  in  the  carbon 
column  it  would  be  found  that  all  the  weights  of  carbon  were  either 
12  or  integral  multiples  of  12,  and  this  is  therefore  the  atomic  weight 
of  carbon.  Similarly  the  atomic  weight  of  oxygen  is  16,*  of  phos- 
phorus 31,  of  mercury  200  (see  ExercLse  4). 

When  the  atomic  weights  have  finally  been  selected,  we  can  go 
through  the  table  and  change  all  the  numbers  into  multiples  of  the 
chosen  atomic  weights.  Thus,  for  70.9  we  write  2  x  35.45,  and  for 
106.35  we  write  3  x  35.45,  and  so  forth.  The  reader  can  prepare 
such  a  modliication  of  the  table.  With  this  new  form  of  the  table 
before  us,  we  can,  finally,  replace  the  atomic  weights  by  the  symbols 
which  stand  for  them,  writing,  for  35.45,  CI,  for  2  x  35.45,  Clj,  and 
so  forth.  The  results  of  doing  this  in  each  line,  i.e.  for  each  sub- 
stance, are  collected  at  the  ends  of  the  lines  in  the  last  column  of 
the  table.  The  reader  should  himself  repeat  the  substitutions  of  the 
E^Tnbols,  and  so  verify  the  formuliB  given.  These  formula,  since 
they  are  based  on  the  molecular  weights,  in  such  a  way  that  when 
the  numerical  values  are  substituted  for  the  symbols  the  total  re- 
stores to  us  the  molecular  weight,  are  called  molecular  tormola. 

It  will  now  be  seen  why  the  equivalents  (pp.  36-37)  were  multiplied 
by  various  integers  in  making  the  chemical  units.  The  equivalent 
of  carbon  was  3.  That  is  to  say,  carbon  and  oxygen  combine  in  the 
ratio  3  : 8  (in  carbon  dioxide),  and  carbon  and  hydrogen  in  the 
ratio  3  :  1.008  (in  methane).  But  there  is  no  compound  of  carbon 
whose  molecular  weight  contains  less  than  12  parts  of  the  elemenL 
It  would  thus  lead  to  needless  complication  to  take  3  as  the  unit 
Amount  of  carbon,  for  every  molecule  would  then  contain  four  luuts, 
or  some  multiple  of  four,  and  ever>'  formula  C,  or  some  multiple  of 
C,.  We  choose  the  largest  units  of  combining  weight  that  we  can, 
in  order  that  the  coefficients  may  be  the  smallest  possible,  and  the 
resulting  formuUe  the  simplest  possible.  Naturally  the  actual  ratjoa 
ain  the  same.  Thus,  for  carbon  dioxide  the  ratio  3  :  S  is  replaced 
12  :  32.  or  12  :  2x16,  or  C  :  20,  which  has  the  same  value. 


^^dBmaii 

K]ri2 


*  The  dlfleranre  bettrtien  t)i0  unit  quantitf  of  oxygi-n  in   corapound« 
ily,  IC)  and  tlie  unit  quanlily  of  fme  oiygpn  (32)   will  bo  tliacusB«d 
pnMntly. 
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As  a  deflnitioni  the  atomic  weight  of  an  elemait  may  be  stated  to 
be:  The  smalleBt  of  the  weights  of  the  element  foand  In  the  mffliH?wi^»' 
weighte  of  all  its  volatile  compoonds,  so  far  as  these  have  been  exam- 
ined. Since  the  atomic  weight  is  always  a  multiple  of  the  equiva- 
lent weight  (by  imity,  or  some  other  integer),  it  mi^t  also  be 
defined  as:  The  largest  even  multiple  of  the  equivalent  which  can 
be  contained  in  the  molecular  weights  of  all  the  volatile  compounds 
of  the  element.  The  complete  list  of  accepted  atomic  wei^ts  is 
printed  on  the  inside  of  the  cover  at  the  back  of  this  book. 

Advantages  of  Atomic  Weights  over  Equivalents, — Since  the 

method  of  determining  atomic  weights  depends  on  rather  complex 
reasoning,  and  involves  much  experimental  work,  the  question  may 
be  asked  whether,  when  foimd,  they  are  worth  all  the  trouble.  It 
is  manifest  that  equivalents  are  much  simpler  in  nature,  and  much 
more  easily  ascertained  than  atomic  weights.  It  will  be  expected, 
therefore,  that  we  shall  be  able  to  show  that  the  units  Na  —  23, 
Cu  =  63.6,  Al  ==  27.1,  C  =  12,  etc.,  give  a  better  view  of  the  rela- 
tions of  the  elements  than  do  the  equivalents  23,  31.8, 9.03,  and  3, 
respectively.  Now,  the  atomic  weights  are  as  good  as  equivalent 
weights,  for  the  purpose  of  acting  as  units,  in  terms  of  which  to 
express  combining  proportions,  and  possess,  besides,  several  (at 
least  five)  important  properties  or  uses  which  equivalent  weig^ 
entirely  lack. 

Of  these  valuable  properties,  the  first  two  have  been  mentioned 
already: 

1.  Being  very  often  themselves  larger  numbers  than  the  equiva- 
lents, atomic  weights  are  often  multiplied  by  smaller  coefficients 
(p.  133).     This  simplifies  our  equations. 

2.  Tlie  atomic  weight  of  an  element  can  have  but  one  value,  and 
Is  definitely  determinable.  Most  equivalents  have  more  than  one 
value  (p.  33). 

3.  The  atomic  weight  of  an  element  has  a  valence  (p.  68),  while 
equivalents  are  equi-valent.  While  valence  is  a  helpful  conception 
in  all  branches  of  chemistry,  organic  chemistry  is  especially  indebted 
to  the  conception  of  the  quadrivalence  of  carbon  for  much  of  its 
development  and  most  of  its  orgam'zation.  The  full  illustration 
of  this  point  is  beyond  the  limits  of  the  present  book, 

4.  The  periodic  system  (g.v.)>  the  basis  of  a  plan  for  classifying 
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the  properties  of  all  chemical  substances,  is  founded  upon  the  atomic 
weights. 

5.  Dulong  and  Petit's  law  is  based  upon  atomic  weights.  This  law 
furnishes  also  an  alternative  means  of  determining  atomic  weights 
that  has  frequently  rendered  valuable  service,  and  on  this  accoimt 
forms  the  subject  of  the  next  section. 

I>ulong  and  JPetU^s  Law,  an  aUernuUive  Means  of  I>eter^ 
nUning  Atomic  Weights*  —  It  was  first  pointed  out  (1818)  by 
Dulong  and  Petit,  of  the  £kx)le  Polytechnique  in  Paris,  that  when 
the  atomic  weights  of  the  elemonta  were  multiplied  by  the  specific  heats 
of  the  simple  substanceB  in  the  solid  condition,  the  products  were 
approximately  the  same  in  all  cases.  In  other  words,  the  specific 
heats  are  inversely  proportional  to  the  magnitudes  of  the  atomic 
weights.  The  table,  in  which  roimd  numbers  have  been  used  for 
the  atomic  weights,  shows  that  the  product  lies  usually  between  6 
and  7,  averaging  about  6.4: 


Element. 


Lithium     .  . 

Sodium  .    .  . 

Magnesium  . 

Silicon    .    .  . 
Phosphorus 
(Yellow) 

Calcium     .  . 


Atomic 
Wt. 

Sp.  Ht. 

Pro- 
duct. 

7 

.94 

6.6 

23 

.29 

6.7 

24.4 

.245 

6.0 

28.4 

.16 

4.5 

31 

.19 

5.9 

40 

.170 

6.8 

Element. 


Iron 

Zinc 

Bromine  (Solid) 

Gold 

Mercury 
(Solid) 
Uranium .    .   . 


Atomic 
Wt. 

Sp.  Ht. 

56 

.112 

65.4 

.093 

80 

.084 

197 

.032 

200 

.0335 

238.5 

.0276 

Pro- 
duct. 


6.3 
6.1 
6.7 
6.3 
6.7 

6.6 


Another  way  of  expressing  this  law  will  give  it  greater  chemical 
significance.  The  specific  heats  are  the  amounts  of  heat  required  to 
raise  equal  weights  of  the  various  elements  through  one  degree. 
Now  these  equal  weights  contain  fewer  chemical  units  in  proportion 
as  the  chemical  unit  weight  is  greater.  Hence  this  law  may  be  put 
in  the  form:  Squal  amounts  of  heat  will  raise  atomic  weights  of  all 
elements  through  equal  intervals  of  temperature. 

This  being  true,  the  equivalents,  if  iised  instead  of  the  atomic 
weights,  must  give  widely  varying  products.  The  quantities  of  heat 
required  to  raise  equivalent  weights  through  one  degree  are  either 
equal  to,  or  are  fractions  of,  those  required  for  the  atomic  weights. 
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according  to  the  valence  of  the  element.    Hence  the  law  applies 
only  to  atomic  weights,  and  not  to  equivalents. 

It  will  be  seen  at  once  that  although  the  law  of  Dulong  and  Petit 
is  purely  empirical,  it  may  nevertheless  be  used  for  flxinff  tlia  akomie 
weight  of  an  element  of  which  no  volatile  compounds  are  known.  We 
can  always  measure  the  equivalent  with  considerable  exactness,  and, 
when  this  has  been  multiplied  by  the  specific  heat  of  the  free  sub- 
stance, we  can  see  at  a  glance  what  integral  factor  will  raise  the 
product  to  the  neighborhood  of  6.4.  For  example,  analysis  shows 
us  that  in  calcium  chloride  the  proportion  of  chlorine  to  calcium, 
using  the  known  atomic  weight  of  chlorine  as  one  term  of  the  pro- 
portion, is  35.5  :  20.  If  calcium  is  univalent,  20  is  its  atoniic  wei^t. 
If  it  is  bivalent,  two  units  of  chlorine  are  combined  with  40  parts  of 
calcium,  and  40  is  its  atomic  weight.  If  it  is  trivalent,  three  units  of 
chlorine  are  united  with  60  parts  of  calcium,  etc.  All  we  learn  in 
reference  to  the  atomic  weight  of  calcium  from  this  analysis  is  that 
its  value  is  20  or  some  integral  multiple  of  20.  Nor  can  we  fix  the 
upper  limit,  for  we  are  unable  to  obtain  the  weight  of  a  known 
volume  of  calcium  chloride  vapor  and  so  determine  the  molecular 
weight.  But  the  specific  heat  of  solid  calcium  being  0.170,  we  mul- 
tiply this  number  by  20,  and  get  the  product  3.4.  This  is  only  half 
large  enough,  so  we  assume  that  40  is  a  more  probable  value  for  the 
atomic  weight  of  calcium.  The  product  is  then  6.8,  which  agrees 
fairly  well  with  the  average  for  other  elements.  We  decide,  there- 
fore, that  the  symbol  Ca  shall  represent  forty  parts  by  weight.  The 
formula  of  calcium  chloride  is  therefore  CaCl.,,  and  calcium  is  bivalent. 

Molecular  Formul^f. 

Molecular  Formula*  of  Compounds.  —  If  the  molar  formula 
in  the  table  (p.  132)  be  examined  it  will  be  observed  that  several  are 
not  in  their  simplest  terms.  Thus,  the  formula  of  acetylene  is  CjH^ 
The  formula  CII  would  represent  the  composition  of  the  substance 
equally  well,  for  12  :  1  is  the  same  as  24  :  2.  But  the  formula  CH 
gives  a  total  of  only  13,  while  CJI,  shoxvs  the  total  weight  of  the 
molecule  to  be  26  and  records  for  us  therefore  the  weight  of  the  G.M.V,^ 
as  well  as  the  composition  of  the  substance.  And  we  shall  find  this 
additional  property,  peculiar  to  the  molecular  formula,  to  be  a  feature 
of  the  greatest  practical  value.  Sfjme  of  the  practical  uses  of  this 
improvement  in  our  formula  will  be  illustracted  in  this  chapter,  and 
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B  is  ftn  example  of  one  of  them  in  the  table  itself.  Thus,  the 
molecular  formula  of  acetic  acid  is  CjH^O,,  and  not  the  simpler, 
identical  proportion  CHjO.  The  latter  is  the  molecular  formula  of 
a  totally  different  substance,  formaldehyde,  now  much  used  as  a 
disinfectant.  The  vapor  of  this  substance  has  only  half  the  density 
of  acetic  acid  vapor,  and  this  fact,  recorded  in  the  formula,  helps  to 
remind  us  that  the  substances  are  different.  Still  another  substance 
of  the  same  composition  is  fruit  sugar  (dextrose),  C(HuOg  (see  Exer- 
cise 12).  In  addition  to  this  and  other  practical  advantages,  molec- 
ular formuke  satisfy  also  the  claim  of  lo^cal  consistence.  If  the 
symbols  represent  the  atomic  weights,  the  formula;  should  be  con- 
structed so  as  to  represent  the  molecular  weiglits. 

Molecular  formukc  like  CjH,  and  C^^O,  are  easily  interpreted  in 
terms  of  the  atomic  hypothesis.  C  represents  one  atom  of  carbon 
and  H,  one  atom  of  hydrogen.  But  there  is  no  reason  why  a  mole- 
cule of  acetylene  should  not  contain  two  atoms  of  each  kind.  Simi- 
larly, the  molecule  of  formaldehyde  contains  four  atoms  (CH,0),  and 
one  of  acetic  acid  eight  atoms  (CjHjOj),  and  one  of  dextrose  twenty- 
four  atoms  tC,H,jOe),  although  the  relative  numliers  of  each  kinfl 
are  the  same.  Indeed  this  hypothesis  helps  to  clear  the  matter  up, 
for  chemists  go  so  far  as  to  account  for  the  chemical  behavior  of  the 
substances  by  an  imagined  geometrical  arrangement  of  the  atoms  in 
their  molecules,  and  these  three  kinds  of  molecules  arc  supposed  to 
differ  in  structure  as  well  aa  in  the  number  of  atoms  they  contain. 

The  Molecular  WelffMa  and  FormvttB  of  Elementary  8ub- 
etaneee. — The  following  table  gives  the  densities  of  some  elementary 
substances,  including  those  of  which  the  substances  last  discussed  are 
compounda.  The  first  colunm  shows  the  atomic  weight,  which  in 
each  caae  is  the  minimum  weight  of  the  element  found  in  a  G.M.V. 
of  any  compound.  For  example,  16  g,  of  oxygen  and  35.45  g.  of 
chlorine  are  the  weights  in  the  amounts  of  water  vapor  and  hydrogen 
chloride,  respectively,  which  fill  the  cube  (22.4  liters).  The  symbol, 
in  the  next  column,  stands  for  this  quantity  and  occurs  in  many 
fonnuls,  such  aa  H,0  and  HCI.  It  represents  the  combining  unit 
or  atom.  In  the  third  column  ia  given  the  density  of  the  free,  ele- 
mentary substance.  Thia  weight  of  the  simple  substance  fills  the 
^_X3.M.V.  and  \a  the  molecular  weight.  It  shows  the  weight  of  the 
^■■oleoule  relative  to  the  weights  of  the  other  molecules  in  the  same 
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column,  and  to  the  weights  of  the  atoms  m  the  first  column.  In  the 
last  two  eolunms  are  given  the  densities  resolved  into  multiples  of 
the  atomic  weights  and  the  corresponding  formuls. 


Oxygen  .  . 
Hydrogen  . 
Chlorine 
Phosphorus 
Mercury     . 
Ozone     .   . 
Cadmium  . 
Potassium 
Sodium  .   . 
Zinc    .   .   . 


Atomic 

Sym- 

Density 

Weight. 

bol. 

0-82. 

16.00 

0 

32.00 

1.008 

H 

2.016 

35.45 

CI 

70.90 

31.0 

P 

124.0 

200.0* 

Hg 

200.0 

16.00 

0 

48.00 

112.4 

Cd 

112.4 

39.15 

K 

39.15 

23.05 

Na     , 

23.05 

65.4 

Zn     ^ 

65.4 

Density  Fio- 
torlnd. 


2X16.00 

2X1.008 

2X86.45 

4X31.0 

1X200.0 

3X16.00 

1X112.4 

1X39.15 

1X23.05 

1X65.4 


Formulft 


a 

K 

Na 
Zn 


The  reader  cannot  fail  to  note  a  striking  peculiarity.  In  the 
of  chlorine  the  molecular  weight  is  70.9,  while  the  atomic  wei^t  is 
35.45.  With  hydrogen  and  oxygen,  also,  the  molecular  weigjht  con- 
tains two  atomic  weights.  Yet  this  is  not  a  general  rule,  for  with 
mercury  and  several  other  elements  the  molecular  and  atomic 
weights  are  alike,  while  with  phosphorus  the  molecular  is  four  times 
the  atomic  weight.  Evidently  there  is  no  rule,  and  each  elenoent 
has  to  be  subjected  to  separate  experimental  study.  The  result  is 
that  iorfree,  elementary  chlorine  we  use  the  molecular  formvla  CI,,  for 
free  hydrogen  Hj,  for  demeniary,  uncombined  oxygen  the  formula  O,. 
For  a  substance  like  phosphorus,  which  is  not  a  gas  and  is  not  often 
used  as  a  vapor,  the  formula  P  is  commonly  employed  by  chemists, 
to  avoid  the  larger  coefficients  which  P4  introduces  into  equations, 
although  theoretically  the  latter  formula  would  be  the  strictly  conect 
one. 

The  case  of  oxygen  demonstrates  clearly  the  necessity  of  iimng 
molecular  formula*,  even  for  simple  substances.  The  table  shows 
tu^  substances  containing  nothing  but  oxygen.  Ozone  (q.v.)  has 
a  molecular  weight  48,  being  a  gas  exactly  one-half  heavier  than 
ordinary  oxygen.  Its  formula,  therefore,  is  Oj,  while  that  of  oxygen 
is  Oj.  Oxygen  and  ozone  are  entirely  different  chemical  individuals. 
The  latter  has,  for  example,  a  strong  odor  and  is  much  more  active. 
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Thus  polished  silver  remains  bright  inde6Ditely  in  pure  oxygen, 
but  oxidizes  tjuieldy  when  placed  in  ozone. 

To  avoid  a  common  error,  the  reader  should  note  that  to  learn  the 
atomic  weight  of  an  element,  we  do  not  measure  the  molecular  n-eight 
of  the  simple  substance.  The  molecular  weight  of  the  elementary 
substance  may  be  a  multiple  of  the  atomic  weight,  and  we  find  out 
whether  it  is  such  a  multiple  only  aft«r  the  atomic  weight  has  been 
determined.  The  atomic  weight  is  the  unit  weight  used  in  com- 
pounds, and  can  be  oscertmned  only  by  a  study  of  compounds.  The 
molecular  weight  of  the  free  element  gives  us  only  a  value  which  we 
know  must  be  a  multiple  of  the  atomic  weight,  by  1  or  some  other 
integer.    Mol.  Wt.  =  .\t.  Wt,  X  j.wherearis  1  orsomeother integer. 

Farther  Diacusston  of  the  Molecular  Formutw  of  Ele- 
mentary Substance*.  —  Some  further  explanation  may  be  required, 
to  the  end  that  the  reader  may  be  reconciled  to  accepting  the  formulse 
CI,,  0,,  and  so  forth.  In  the  first  place,  he  should  note  bow  these 
formulffi  arose.  If  we  accept  .\vogadro'a  hypothesis,  and  the  infer- 
ence from  it  to  the  effect  that  the  densities  of  gaaea  are  in  the  same 
ratio  as  the  weights  of  their  individual  molecules,  then  we  cannot 
escape  the  conclusion  to  which  mcosuring  the  relative  densities  of 
free  chlorine  and  hydrogen  chloride,  for  example,  leads.  The  ratio 
of  their  densities  is  70.9  :  36.45.  That  is  U)  say,  the  relative  weights 
of  a  molecule  of  chlorine  and  a  molecule  of  hydrogen  chloride  stand 
in  this  ratio.  The  molecule  of  chlorine  is  nearly  twice  as  heavy  as 
the  molecule  of  the  compound,  and  (here  cannot  ther^ore  be  a  whole 
molecule  of  chlorine  in  a  molecule  of  hydrogen  chloride.  In  fact,  we 
percrave  at  once  that  the  molecule  of  hydrogen  chloride  must  contain 
only  half  a  molecule  of  chlorine  (35.45).  together  with  half  a  molecule 
of  hydrogen  (I).  In  other  words,  if  the  molecule  of  free  chlorine 
were  to  be  taken  aB  the  atom  of  the  element,  then  the  molecule  of 
hydrogen  chloride  would  contain  only  half  an  atom  of  chlorine, 
which  would  be  contrarj'  to  our  decision  to  take  as  atoms  quantities 
which  are  not  divided.  So  we  choose  the  other  horn  of  the  dilemma, 
and  say  that  the  specimen  of  cldorinc  in  the  molecule  of  hydrogen 
Rehloride  is  a  whole  atom  and  that  therefore  the  amount  of  chlorine 
"la  the  molecule  of  free  chlorine  is  two  atoms,  and  its  formula  Cl^ 
Similarly,  the  weight  of  hydrogen  in  the  molecule  of  hydrogen  chlo- 
ride is  1.00S,  while  that  of  the  molecule  of  hydrogen  is  2.016,  so  that 
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there  are  two  atoms  in  the  molecule  of  free  hydrogen  and  its  formula 
is  Hj.  Reasoning  in  like  manner  from  the  molecular  wei^ts  of 
oxygen  (32)  and  water  (18)  we  reach  the  conclusion  that  the  mole- 
cule of  oxygen  is  diatomic  (OJ. 

Still  another  way  of  looking  at  the  same  facts  may  shed  ligjht  on 
the  matter.  When  hydrogen  and  chlorine  combine,  one  volume  of 
each  of  these  gases  gives  two  volumes  of  hydrogen  chloride  (p.  122). 
Let  us  imagine  the  experiment  to  be  made  with  minute  volumes 
holding  one  himdred  molecules  each: 


Htdroobn  Chi/>rzdb 


Htdrogbn       GkLomiB 


100 

100 

came  from 


100 

+ 

100 

The  200  molecules  of  hydrogen  chloride  must  contain  at  least  200 
fragments  of  chlorine,  since  there  is  a  sample  in  each  molecule.  Now 
the  200  fragments  of  chlorine  came  from  a  volume  containing  only 
100  molecules  of  chlorine.  Each  of  these  must  therefore  have  been 
split  in  the  chemical  action.  Hence  the  molecules  of  free  hydrogen 
and  free  chlorine  contain  at  least  two  atoms.  If  we  consider  the 
molecular  formula  of  a  substance  as  representing  one  molecule  (see 
below),  the  equation  for  this  action  is: 

Hj  +  CI3  ->  2Ha. 

There  are  two  molecules  on  each  side  of  the  equation,  and  this  corre- 
sponds with  the  fact  that  there  is  no  change  in  the  total  voliune. 
Again,  we  find  that  one  volume  of  oxygen  furnishes  enough  of  the 
element  for  two  volumes  of  water  vapor  (p.  84).  We  infer  therefore 
that  each  molecule  of  oxygen  is  divided  into  two  parts  in  the  action. 
And  in  like  manner,  when  we  find  that  one  volume  of  phosphorus 
vapor,  in  combination  with  six  volumes  of  chlorine,  gives  four 
volumes  pf  phosphorus  trichloride  vapor,  we  infer  that  every  mole- 
cule of  phosphorus  furnished  enough  of  the  element  for  four  molecules 
of  phosphorus  trichloride,  and  contained  therefore  four  atoms  (see 

Exercise  7). 

P,  +  6CI2  ->  4PCI3. 

The  simple  fact  that  hydrogen  and  oxygen,  when  mixed,  do  not 
combine  (p.  74)  may  assist  in  reconciling  us  to  the  diatomic  nature 
of  their  molecules.    Some  part  of  the  mixture  has  to  be  heated 
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strongly  to  start  the  interaction.  Now  the  molecular  fonnulfe,  H, 
and  0„  suggest  that  each  gas  is  really  in  combination  oh-eady  (with 
itsei/),  and  they  therefore  explain  to  some  extent  the  indifference  of 
the  gases  towards  one  another.  If  the  molecules  were  free  atoms, 
they  could  not  encounter  one  another  continually  as  they  move  about, 
&nd  yet  escape  combination  as  we  observe  that  they  do.  We  may 
imagine  that  the  primary  effect  of  heating  is  to  decompose  some  of 
the  molecules,  and  liberate  hydrogen  and  oxygen  in  the  atomic  con- 
dition, and  that  the  combination  of  these  atoms  starts  the  explosion 
of  the  whole  maaa.  Of  course  this  explanation  is  based  upon  our 
hypothesis  and,  as  such,  is  of  the  same  imapnary  description  aa 
everything  connected  with  that  hyiwthems.  It  cannot  be  verified 
by  experiment. 

Appucations. 
AppticaHonB!  Interactions  Between  Oasea.  —  According  to 
Avogadro's  hypothesis,  if  we  filled  a  succession  of  vessels  of  equal 
dimensions  with  different  gases,  and  could  arrest  the  motion  of  the 
particles  and  observe  their  disposition,  we  should  find  that  the  aver- 
age dbtance  from  particle  to  particle  would  be  the  same  in  all  cases. 
This  would  be  true  whether  our  vessels  were  filled  with  single  gases, 
with  homogeneous  mixtures,  or  with  gases  in  layers.  Such  being 
the  case,  if  any  chemical  change  is  brought  about  in  the  mass  which 
results  in  a  multiplication  of  the  molecules,  it  is  evident  that  the 
volume  will  have  to  increase  in  order  that  the  spacing  may  remain 
the  same  as  before.  If  any  chemical  action  results  in  a  diminution 
of  the  number  of  molecules,  then  a  shrinkage  must  take  place  in 
order  that  the  spacing  may  be  preserved  as  before.  Thus,  in  a  mix- 
ture of  hydrogen  and  chlorine,  according  to  our  hypothesis,  ndgh- 
boring  molecules  of  hydrogen  and  chlorine  simply  exchange  units, 
80  that  HH  +  CIC!  becomes  HCi  +  CIH.  There  being  no  alteration 
m  the  number  of  particles,  no  change  in  volume  occurs.    In  the  case 

»ief  water,  on  the  other  hand, 
HH  +  OO  +  HH  becomes  HOH  +  HOH. 
Since  the  oxygen  moleculee,  which  form  a  third  of  the  whole,  dis- 
appear into  the  moleculee  of  hydrogen,  the  tendency  to  preserve 
spacing  results  in  a  diminution  of  the  volume  by  one-third  (p.  85). 
This  method  of  looking  upon  chemical  interactions  between  gaaes 
^ves  us  the  nearest  sight  which  we  can  have  of  the  behavior  of  the 
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molecules  themselves.  We  camiot  perceive  the  individual  molecules, 
but,  in  consequence  of  the  spatial  arrangement  which  we  suppoee 
them  to  observe,  the  change  in  the  whole  volume  of  a  large  aggre- 
gate of  molecules  enables  us  to  draw  conclusions  at  once  in  regard  to 
the  behavior  of  the  single  molecules  in  detaiL 

Applications:  Molecular  EquaMonsm  —  To  utilize  the  fore- 
going considerations,  chemists  always  employ  in  thair  eqnaHoiMi  iSbm 
molecular  formula  for  the  gases  and  easily  vaporized  substances  con- 
cerned.   Thus  far,  we  have  used  the  equation: 

H     +    CI    -^    HCl, 
Weights:  1.008        35.45        36.458 

and  the  information  it  contained  was  exhausted  when  we  had  placed 
below  the  symbols  the  weights  for  which  they  stood.  But  the 
molecular  equation  is  much  more  instructive.  The  following  shows 
the  interpretations  to  which  the  molecular  equation  is  lubjeet: 

H,      +     CI,      ->       2Ha. 
Weights:  2.016  g.        70.90  g.        2  X  36.458  (- 72.916)  g. 

Volumes:  22.4  1.  22.41.  2x22.41. 

Molecules:  11  2 

The  weights,  although  doubled,  show  the  same  proportions,  so 
that  questions  of  weight  are  answered  as  easily  as  before.  These 
weights,  however,  being  molecular  weights,  or  multiples  thereof,  can 
be  translated  at  once  into  volumes,  and  questions  about  volumes  can 
also  be  answered.  Finally  the  relative  numbers  of  each  kind  of 
molecules  can  be  read  from  this  equation,  for  the  coefficients  in 
front  of  the  formulae  represent  these  numbers.  Where  no  coefficient 
is  written,  1  is  to  te  understood.  The  application  of  these  properties 
of  molecular  equations  is  illustrated  below.  Before  applying  these 
equations,  however,  we  must  first  learn  how  to  make  them. 

To  make  a  molecular  equation,  we  first  make  an  equation  according 
to  the  rules  already  explained  (p.  41).  An  equation  like  that  ^ven 
for  the  interaction  of  oxygen  with  hydrogen  chloride  (Deacon's  pro- 
cess, p.  1 10) :  2Ha  +  O  ->  HjO  +  2C1,  is  the  result.  Then  we 
adjust  the  equation  so  that  molecular  formube  are  used  throughout. 
2C1  becomes  at  once  Clj.  The  oxygen,  however,  must  also  appear 
as  O3,  or  a  multiple  of  this,  in  such  equations.  Hence  the  whole 
equation  must  be  multiplied  by  2: 

4HC1  +  03->2H20  +  2CI2. 
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Again,  the  equation  for  the  preparation  of  chlorine  from  potassium 
permanganate  (p.  Ill)  becomes: 

2KMn04  +  16HC1  -^  8H,0  +  2KC1  +  2MnCl3  +  5C1,. 

Every  equation  containing  an  odd  number  of  atoms  of  a  substance 
whose  molecules  are  diatomic  must  be  multiplied  by  2.  Again,  mer- 
curic oxide  decomposes  to  give  mercury  vapor  and  oxygen  (p.  43), 
and  the  molecules  of  mercury  are  monatomic  and  those  of  oxygen 
diatomic,  so  we  write: 

2HgO  -^  2Hg  +  O3. 

Finally,  the  formulsB  of  substances  which  are  solid  or  liquid,  and 
cannot  be  easily  vaporized,  are  written  in  the  simplest  terms.  Thus, 
since  substances  like  the  copper  in  the  following  equation  are  invola- 
tile,  the  molecular  weights  of  such  substances  are  unknown,  and  their 
molecular  formulae  likewise:  2Cu  +  02-^2CuO.  Furthermore,  in 
the  case  of  substances  which  can  be  volatilized,  although  the  molec- 
ular weights  and  molecular  formulae  may  therefore  be  known,  we 
do  not  usually  employ  the  molecular  formulae  if  the  substance  is  not 
used  in  the  form  of  vapor  in  the  laboratory.  Thus,  the  molecular 
formula  of  phosphoric  anhydride  is  P4O10  (p.  132) .  But  we  generally 
make,  and  use,  only  the  solid  form,  and  not  the  vapor,  in  actual  work. 
Hence  the  action  with  water  is  usually  written  as  we  have  given  it 
(p.  51),  rather  than  in  the  form:  P.Oio  +  6HjO  -^  4H3PO4. 

The  applications  of  the  properties  of  molecular  eqnationa  (which  will 
be  used  ezcliuively  hereafter)  may  now  be  illustrated  in  detail. 

Applications:  To  Arithmetical  JProhlems. —  1.  When  a 
problem  in  regard  to  weights  of  material  used  or  produced  in  a 
given  action  is  to  be  solved,  the  molecular  equation  is  to  be  written 
and  the  weights  inserted  beneath  the  formulae.  The  mode  of  calcu- 
lation has  been  described  already  (p.  43). 

2.  When  a  problem  involving  weights  and  volumes  is  to  be  solved, 
the  molecular  equation  is  to  be  written,  and  both  the  weights  and 
volumes  are  to  be  inserted.  Note,  however,  that  only  the  voliunes 
of  the  substances  in  the  gaseous  condition  are  considered. 

For  example,  what  volume  of  oxygen  is  obtained  from  60  g.  of 
potassium  chlorate?  The  molecular  equation,  made  as  shown  above 
(p.  142),  together  with  the  full  interpretation,  are  as  follows: 
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2KC10a  ->  2Ka      +      30,. 

'2  (39. 15  +  35.45  +  48)    2  (39. 15  +  35.45)     3  X  32 
Weights: -{^  v  ''  y  ^,  ^    »    ^ 

245.2  g.  149.2 g.         r    96  g. 

VoLUifBs:  3X22.41. 


ji 


(Observe  that  no  volumes  are  given  under  the  chlorate  and  chloride 
of  potassium.  This  is  because  their  volumes  in  the  gaaeaua  condition 
can  be  of  no  practical  use,  since  they  are  solids  which  are  melted, 
but  not  vaporized  during  this,  or  any  action  in  which  we  employ  them.) 
Now,  as  to  the  problem  in  hand,  it  is  concerned  with  a  wei^t  of 
potassium  chlorate  and  a  volume  of  oxygen.  Reading  from  the 
equation,  our  information  on  these  points  is  that  245.2  g.  of  potassium 
chlorate  give  67.2  liters  (observe  that  the  coefficients  are  used,  as 
well  as  the  molecular  weights,  in  these  numbers)  of  oxygen  at  OP  and 
760  mm.,  and  the  question  is,  What  volume  will  60  g.  give?  By 
proportion,  245.2  g.  :  67.2  1.  : :  60  g.  :a:  1.,  where  x  =  16.4  liters.  If 
a  different  temperature  and  pressure  had  been  specified,  either  the 
volume  in  the  equation,  or  the  answer,  would  have  had  to  be  con- 
verted by  rule  to  the  given  conditions.  It  saves  time  not  to  write 
out,  as  above,  the  whole  interpretation,  but  only  the  parts  required. 
For  example,  if  the  question  is:  What  volume  of  chlorine  is  needed 
to  give  25  g.  of  aluminium  chloride,  we  may,  if  we  choose,  omit  all 
the  data  excepting  the  volume  of  the  chlorine  and  the  weight  of  the 
aluminium  chloride,  thus: 

2A1   +   aa,    -^    2A1C1, 

3X22.41.    2  Xl33.45g. 

The  volume  of  chlorine  required  is  25  x  3  X  22.4  -^  (2  X  133.45)  liters. 
These  illustrations  show  the  method  of  calculating  actual  volumes 
(see  Exercises  8,  9). 

3.  If  the  question  concerns  relative  volumes  only,  then  it  is  simplest 
to  use  the  interpretation  of  the  equation  in  terms  of  molecules.  For 
example,  What  relative  volumes  of  hydrogen  chloride  and  oxygen 
are  required  in  Deacon's  process?  The  molecular  equation  is  (p.  142) : 

4HC1  4-  Oj  ->  2H2O  4-  2Clj. 
Molecules:  4  1  2  2 

Since  equal  numbers  of  molecules  of  gases  occupy  equal  volumes, 
the  proportion  4  molecules  of  hydrogen  chloride  to  1  molecule  of 
oxygen  shows  the  ratio  to  be  4  :  1  by  volume.    Similarly,  every  4 
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molecules  of  hydrogen  chloride  give  2  moleculea  of  chlorine,  bo  that 
the  ratio  of  these  substances  by  volume  is  4  :  2,  or  2  :  I. 

In  regard  to  the  water,  since  that  is  not  a  gas  at  common  tem- 
peratures, the  question,  if  asked,  must  be  more  specific:  What  are 
the  relative  volumes  of  sttam  and  chlorine  in  the  product,  as  com- 
monly delivered  by  the  action  at  400°?  It  is  2  :  2,  or  1  :  1.  What 
are  the  relative  volumes  of  water  and  chlorine,  after  the  products 
have  cooled  to  room  temperature?  The  water  is  no  longer  a  gas, 
so  that  it  occupies,  relatively,  almost  no  volume.* 

What  is  the  total  volume-change  in  the  foregoing  action  above 
100°7  It  is  a  change  from  5  molecules  to  4.  The  volume  changes 
in  the  same  ratio.  But  at  0°  the  volume-change  is  from  5  volumes 
to  2,  for  the  water  does  not  appreciably  add  to  the  volume  of  the 
products  (see  Exercises  10,  12), 

4.  When  we  know  the  molecular  formulas  of  the  single  substances 
concerned  in  an  action,  the  equation  can  be  made,  and  the  relativa 
▼ohunes  determined,  witbout  actual  meuuremeat.  For  example:  What 
volume-change  will  be  ol>serv«l  when  a  mixture  of  carimn  monoxide 
and  oxygen  has  exploded,  and  the  temperature  has  once  more 
reached  that  of  the  room?  The  molecular  formulie  are  CO,  Oj,  and 
CO,.  The  equation  representing  the  weights  is  CO  4-  0  — •  COj. 
The  molecule  of  oxygen,  however,  being  0„  we  cannot  employ  less 
F'tiian  this  quantity  in  a  molecular  equation,  so  that  the  equation 
I  becomes;  2C0  +  0,-X0,. 

Three  molecules,  therefore,  give  two,  throughout  the  whole  mass, 
and  therefore  three  volumes  will  become  two,  if  the  pressure  and 
temperature  are  the  same  at  the  be^nning  and  end  of  the  action. 

If  we  remember  that  all  volatile  compounds  of  carbon  and  hydro- 
gen bum  to  form  water  and  carbon  dioxide,  the  molecular  equation 
for  any  such  combustion  may  easily  be  made,  and  the  volumes  of  all 
tba  materials  a-scertained.  When  water  is  a  product,  only  its  volume 
as  steam  is  pven  by  the  equation  (see  Exercises  11,  12). 

*  Of  course  if  an  exact  answer  muni  be  given,  it  can  be  given.  But  for 
lhi»  we  requin<  the  weijtht  nnd  specific  gravity  of  the  product.  Thus,  2H,0 
reprtwenta  2  x  18  g,  of  water.  The  gp.  gr.  of  water  is  1.  Therefore  the 
volume  of  water  formed  ia  36  c.c.  The  volume  of  2CI,  is  2  X  22.4,  or  44.8 
literg  at  0".  The  tatio  of  water  to  chlorine  by  volume  at  0°  is  therefore  36  : 
44,800.  But.  a«  a  rule,  we  simply  give  the  volumea  of  eolids  and  liquids  as 
MR>,  compand  with  thoae  of  the  gaws  concerned  in  the  same  action. 
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5.  Knowing  by  heart  the  molecular  formute  of  gaseous  substances, 
as  we  must  know  them  for  many  piuposes,  it  is  unneoessary  to 
burden  our  minds  with  other  data  in  regard  to  the  raUtiva  weights  of 
gases.  Is  hydrogen  chloride  (HCl)  heavier  or  lighter  than  carbon 
dioxide  (CO,)?  These  formuke  represent  the  weij^ts  of  equal 
voliunes  (22.4  L),  namely  36.45  g.  and  44  g.,  respectively.  Hence 
the  former  gas  is  a  little  lighter.  Remembering  that  the  G.M.V.  of 
air  weighs  28.955  g.,  we  can  compare  the  weight  of  any  gas  with  that 
of  air  in  the  same  way. 

What  are  the  relative  weights  of  acetylene  (CjH,,  p.  132)  and 
sulphur  dioxide  (SOj)  as  compared  with  air?  The  G.M.V.  cube 
holds  formula-weights  of  the  first  two,  namely  26  g.  and  64  g.,  and 
28.955  g.  of  air.  Hence  acetylene  is  a  little  lighter  than  air,  and 
sulphur  dioxide  more  than  twice  as  heavy  (see  Exercise  13). 

Applications  :  To  Cases  of  IHssocitUion.  —  Several  substances 
yield  smaller  values  for  their  densities,  and  therefore  molecular 
weights,  when  the  densities  are  measured  at  higher  temperatures. 
This  indicates  that  the  molecules  have  become  lighter,  and  can  only 
mean  that  decomposition  has  taken  place  in  consequence  of  the 
heating.  Behavior  of  this  kind  is  shown  both  by  compounds  and 
by  simple  substances. 

For  example,  phosphorus  pentachloride  PCU,  although  a  solid, 
can  be  converted  into  vapor  \vithout  much  difficulty.  Its  molecular 
weight,  if  it  underwent  no  chemical  change  during  the  volatilization, 
would  be  31  +  177.25  =  208.25.  The  density  actually  observed  at 
300°  gives  by  calculation  not  much  more  than  half  this  value.  The 
direct  inference  from  this  is,  that  the  molecules  have  only  half  the 
(average)  weight  that  we  expected :  or,  in  other  words,  are  twice  as 
numerous  as  we  expected.  The  explanation  is  found  when  we 
examine  the  nature  of  the  vapor  more  closely.  We  find  that  it  is  a 
mixture  of  phosphorus  trichloride  and  free  chlorine,  resulting  from 
a  chemical  change  according  to  the  equation:  PCls^^^PClj  -f  Cl^ 
The  low  value  of  the  density  thus  tells  us  that  dissociation  has 
taken  place.  From  the  value  of  the  density  at  various  tempera- 
tures, we  may  even  calculate  the  proportion  of  the  whole  material 
which  is  dissociated.  At  300®  it  is  97  per  cent;  at  250®,  80  per  cent; 
and  at  200®,  48.5  per  cent.  Thus,  when  the  temperature  is  lowered, 
progressive  recombination  takes  place  and  the  proportion  dissociated 
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becomes  lese.     Finally  the  vapor  conilenaea  and  yields  the  original 
solid. 

Again,  sulphur  boils  at  445°,  but  can  be  vaporized  at  a  temperature 
as  low  as  193°,  under  very  low  presaure.  At  this  temperature  the 
density  of  the  vapor  gives  the  molecular  weight  256  ( =  8  X  32),  and 
the  molecular  formula  S,.  That  is  to  say,  the  G.M.V.  holds  256  g. 
of  the  vapor  at  193°.  At  800°,  however,  the  density  is  only  one- 
fourth  as  great,  and  the  G.M.V.  holds  only  64  g.  (S3).  This  means 
that  256  g.  now  occupy  four  times  as  large  a  volume  as  before,  and 
the  incrense  is  additional  to  the  effect  of  the  mere  thermal  exjiansion, 
which  is  allowed  for  in  the  calculation  and  eliminated.  Hence  the 
molecules  have  dissociated.  At  1700°  the  molecular  formula  is  still 
Sj,  so  that  this  represents  the  limit  of  dissociation :  Sa  t=t  4S,.  When 
the  vapor  is  cooled,  the  density  increases  once  more  and  at  193° 
recovers  completely  the  greater  value.  Similar  observations  show 
that  phosphorus  vapor  at  313°  is  all  P„  but  at  1700°  half  of  it  has 
dissociated  into  P,.  Iodine  vapor,  up  to  445°,  is  all  I,.  Beyond 
this  temperature  the  density  diminishes,  and  when  1700°  is  reached 
the  vapor  is  all  I.  Thus  the  molecules  are  diatomic  at  tow  tompera- 
turea  and  monatomic  at  high  ones.  The  densities  of  oxygen,  hydro- 
gen, and  chlorine  are  not  measurably  affected  by  heating  to  1700°, 
so  that  their  diatomic  molecules  exist  from  temperatures  far  below 
0°  up  to  1700°,  and  are  evidently  very  stable. 

Applicattona :  FUttUng  the  Atomic  freight  of  a  Xew  Ete- 
ntetu,  —  Uy  way  of  reviewing  the  principles  explained  in  the  chapter, 
let  us  apply  them  to  the  imaginary  case  of  a  newty  discovered  element. 
The  bromide  of  the  element  is  found  to  be  easy  of  preparation  and 
to  be  volatile.  The  bromide  contains  30  per  cent  of  the  element, 
and  its  vapor  denaty  referred  to  air  is  M.S.  The  analysis  can 
always  be  made  much  more  accurately  than  the  meosuremont  of 
vapor  density,  so  that  the  former  number  is  more  trustworthy  than 
the  latter. 

To  find  the  equivalent  of  the  element,  that  is,  the  amount  com- 
bined with  SO  parts  (the  equivalent)  of  bromine,  we  have  the  pro- 
portion 70  :  30  : :  80  :  a:,  from  which  x  -  34.3,  The  atomic  weight 
must  l>e  this,  or  some  small  multiple  of  tt 

Tie  G.M.V.  of  air  weighs  28.955  g.  {p.  126).     Hence  the  same 
me  of  the  vapor  of  this  bromide,  which  is  ]  1 .8  times  as  heavy  as 
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air,  will  weigh  28.955  X  11.8,  or  341.67  g.    This  is  therefore  the 
molar  weight  of  the  compound. 
Now  30  per  cent  of  this  is  the  new  element: 

341.67  X  30  +  100  =  102.5. 

Three  times  the  equivalent  weight  is  the  multiple  nearest  to  this 
number,  3  X  34.3  =  102.9,  the  difference  being  due  to  error  in 
determining  the  density.  So  long  as  no  other  volatile  compound 
is  known,  we  adopt  this  as  the  atomic  weight.  The  rest  of 
the  molar  weight  (240  parts)  is  bromine.  Thus  the  formula  of 
the  compoimd  is  MBr,,  and  from  this  we  see  that  the  element  is 
trivalent. 

In  case  no  volatile  compound  of  the  element  can  be  formed,  the 
equivalent  is  measured  as  before.  Then  some  of  the  free  dmpk 
substance  is  made,  say  by  electrolysis,  and  its  specific  heat  is  deter- 
mined. The  sp.  ht.  is  about  0.063.  Application  of  Dulong  and 
Petit 's  law  then  gives  the  atomic  weight.  The  product  34.3X0.063 
is  equal  to  2.161.  Hence,  the  equivalent  must  be  multiplied  by  3 
to  give  the  atomic  weight,  for  this  raises  the  product  to  6.48,  wMch 
is  within  the  limits.  Thus  the  value  of  the  atomic  wei^t  is  102.9, 
as  before. 

Replies   to    Questions   ahout  JDifflculties.  —  The    beginner 

always  becomes  confused  over  one  or  more  of  the  points  raised  by 
the  following  questions: 

Why  was  32  g.  of  oxygen  taken  as  the  standard  for  molecular 
weights,  rather  than  16  g.?    Read  p.  132  and  footnote  to  p.  131. 

If  Oj  is  the  smallest  mass  of  oxygen,  why  do  we  have  formuUe  like 
HjO  and  HCIO?  Oj  is  the  smallest  mass  of  free  oxygen,  but  in  com- 
bination half  as  much  occurs  in  many  molecules.  Read  pp.  132,  137, 
and  138. 

Why  is  not  the  atomic  weight  of  an  element  ascertained  by  simply 
measuring  the  density  of  the  elementary  substance?  Read  pp.  1^ 
and  147. 

Can  we  not  deduce  the  valence  of  an  element  from  knowing  the 
number  of  atoms  in  its  molecules,  and  vice  versa?  Some  molecular 
formula  and  valences  are:  H,',  O,",  CljS  Zn",  also  Hg  (univalent 
and  bivalent),  P^  (trivalent  and  quinquivalent)  and  Sg  (bivalent 
and  sexivalent).  There  is  no  relation,  either  observable  or  to  be 
expected. 
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Do  the  molecular  weights,  oxygen  —  32  and  hydrogen  —  2  mean 
that  the  molecules  of  oxygen  are  larger  than  are  those  of  hydrogen? 
This  ia  the  ratio  of  their  weights,  but  none  of  the  phenomena  dis- 
cussed in  this  chapter  are  influenced  appreciably  by  thmr  relative 
sizes,  and  therefore  none  of  them  give  any  information  on  the 
subject.    Read  the  footnote  to  p.  129. 

Exerciaea.  —  J.  The  weight  of  1  I.  of  a  gas  at  0°  and  760  mm.  is 
5.236  g.  What  ia  the  density  referred  to  air  and  to  hydrogen,  and 
what  is  the  molecular  weight  (pp.  126,  129)? 

2.  The  density  of  a  gas,  referrefl  to  air,  b  6.7.  What  is  the  weight 
of  1 1,  (p.  126),  and  what  is  the  molecular  weight  (p.  147)? 

3.  The  molecular  weight  of  a  substance  is  65.  What  is  the  density 
referred  tu  air,  and  what  is  the  weight  of  1  1.? 

4.  The  chloride  of  a  new  element  contcuns  38.11  per  cent  of  chlo- 
rine and  61.89  per  cent  of  the  element.  The  vapor  density  of  the 
compound  referred  to  air  is  12.85.  What  is  the  atomic  u'eight  of 
the  clement,  so  far  as  investigation  of  this  one  substance  can  give 
it  (p,  130)?     What  is  its  valence? 

5.  If  the  molecular  weight  of  oxygen  were  taken  as  100,  what 
would  be  the  volume  of  the  O.M.V.  (p,  126)?  What  would  be  the 
molecular  weight  of  water,  and  what  would  be  the  atomic  weights 
of  hydrogen  and  chlorine  (pp.  126,  132)? 

6.  In  future  nothing  but  molecular  formulie  of  free  elements  must 
be  used  (p.  138).  Write  in  molecular  form  ten  of  the  equations 
involving  gnses  which  are  found  in  the  preceding  chapters. 

7.  If  a  new  form  of  oxygen  were  foun<l,  such  that  one  volume  of 
it  required  four  volumes  of  hydrogen  to  profluce  water,  what  would 

its  molecular  formula  (p.  HO)?     What  would  be  the  weight  of 
1.4  I.? 

8.  What  volume  of  oxygen  nt  10°  and  750  mm.  is  obtainable  by 
heating  50  g.  of  barium  peroxide  (pp.  46,  143-144)? 

9.  What  volume  of  oxygen  at  20°  and  760  mm.  is  required  to 
convert  16  g.  of  iron  into  dehydrated  nist  (FejOj)  (p.  144)? 

10.  Write  out  the  molecular  equations  for  the  interactionB  of 
methane  and  chlorine  (pp.  115.  142);  and  for  the  burning  of  phos- 
phorus (vapor)  in  oxygen  (pp.  132,  138,  145).  Deduce  the  volume 
ralatinna  of  the  initial  substances,  and  of  the  products, 
temperatures  in  each  case. 
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11.  Write  out  the  molecular  equations  for  the  interactions  of 
acetylene  and  oxygen  (p.  145),  and  of  alcohol  vapor  (b.-p.  78^)  and 
oxygen.  Deduce  the  volume  relations  of  the  initial  substances  and 
of  the  products  at  0^  and  at  100^  in  each  case. 

12.  The  molecular  weight  of  cyanogen  is  52.08.  What  is  its  den- 
sity referred  to  air,  and  what  the  weight  of  1 1.  at  0^  and  760  nun.? 
It  contains  46.08  per  cent  carbon  and  53.92  per  cent  nitrogen.  What 
is  the  formula  of  the  substance  (p.  41)7  Exploded  with  oxygen  it 
forms  carbon  dioxide  and  free  nitrogen.  What  will  be  the  relative 
volumes  of  the  materials  before  and  after  the  interaction  (p.  145)? 

13.  What  are  the  relative  weights  of  equal  volumes  of  hydrogmi 
sulphide  (HjS),  and  hydrogen  iodide  (HI),compared  with  air  (p,  145)? 


CHAPTER  Xm 
THK  ATOIOO 


To  determine  the  nature  of  chemical  phenomena  reqmres,  as  we 
have  found,  very  elaborate  experimentation.  And  this  has  to  be 
followed  by  still  more  elaborate  reasoning  before  a  systematic  state- 
ment of  the  precise  nature  of  the  change  can  be  made.  Yet,  when 
all  this  has  been  done,  we  are  still  unable  to  form  a  clear  conception 
of  what  manner  of  procedure  the  change  follows,  for  the  details  are 
entirely  inaccessible  to  observation.  We  should  like  to  know  pre- 
cisely how  chemical  union  is  consummated,  and  how  chemical 
exchange  is  carried  out.  We  should  like  to  account  for  the  fact  that 
the  automatically  adjusted  proportions  of  the  materials  used  in  every 
chemical  change  are  entirely  uninfluenced  by  temperature  and  other 
conditions.  Above  all,  we  should  Uke  to  know,  if  possible,  what 
state  of  affairs  determines  the  employment  of  an  individual  unit 
weight  by  each  element  in  all  its  combinations.  None  of  these 
questions  can  be  answered,  however,  because  nothing  can  be  seen 
which  suggests  any  answer. 

As  usual  in  cases  of  this  kind  we  construct  an  imaginary  mech- 
anism, a  formulative  hypothesis  (p.  86)  to  account  for  the  facts.  In 
doing  so,  we  are  not  under  the  illusion  that  we  are  discovering  the 
actual  machinery.  We  realize  that  we  are  simply  making  a  sort  of 
diagram  which  will  assist  our  thought  about  the  thing  itself.  Now 
a  slight  addition  to  the  molecular  hypothesis  readily  furnishes  pre- 
cisely what  we  need. 

Atomic  Hypothesis.  —  According  to  the  molecular  h3rpothesis,  all 
matter  is  made  up  of  small  discrete  particles,  each  of  which  has  the 
same  composition  as  has  the  body  as  a  whole.  It  is  difficult,  there- 
fore, to  avoid  the  conception  that  the  different  materials  in  each 
compound  molecule  are  more  or  less  distinct  entities  also.  Hence 
we  make  this  the  basis  of  a  new  h3rpothesis,  and  attribute  to  these 

constituent  parts  of  molecules  the  properties  of  the  chemical  unit 
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weights  which  are  closely  related  to  them.  Thus,  these  parts  must 
move  from  one  state  of  combination  to  another  tciihatU  aUeratum  in 
their  mass.  Each  kind  must  be  composed  of  a  disUnd  variety  cf 
mailer. 

These  parts  of  molecules  which  we  thus  suppose  to  be  permanent, 
coherent  masses,  are  named  atoms.  This  word  signifies  bodies  which 
are  not  disintegrated  (Gk.  dro/MOi,  imcut,  t.e.  not  cut).  The  relative 
weights  of  these  imaginar}'-  masses  are  the  atomic  wsigbli. 

It  should  be  noted  that  although  atoms,  like  molecules,  are  fic- 
tions, the  atomic  weights,  since  they  are  measured  by  experimental 
methods,  are  real.  They  originally  received  this  name  when  Dalton, 
an  English  schoolmaster  of  Manchester,  succeeded  in  unraveling  the 
complications  of  the  chemical  composition  of  substances  by  the  help 
of  this  very  hypothesis,  and  realized  for  the  first  time  (18Q2)  that 
the  possession  by  all  elements  of  individual  chemical  unit  wei^ts 
lay  at  the  basis  of  the  whole  system. 

We  may  sum  up  all  that  the  facts  require  us  to  assume  about  atoms 
by  saying:  Atoms  are  the  units  of  which  molecnles  an  aggregates. 
Those  of  like  kind  have  equal  masses,  and  differ  from  those  of  othar 
kinds  both  in  mass  and  the  kind  of  material  of  which  they  are  made. 
The  fundamentally  different  kinds  of  materials  are  the  chemical 
elements. 

We  must  carefully  avoid,  for  the  present,  the  introduction  of 
unnecessar}'  complications  by  inventing  for  atoms  any  other  prop- 
erties, such  as  size,  shape,  or  color,  gratuitously.  It  is  to  be  noted, 
particularly,  that  there  are  no  facts  in  chemistrj'  which  require  us 
to  suppose  that  atoms  are  incapable  of  disintegration.  The  molecule 
of  oxygen,  for  example,  might  be  a  cluster  of  particles.  Certain 
facts  (p.  140)  require  us  to  suppose  that  this  cluster  is  divisible  into 
iivo  parts,  but  for  chemical  purposes  the  half  cluster,  with  relative 
weight  16,  is  as  small  a  subdivision  as  we  need.  So  we  take  the  half 
molecule  as  the  chemical  unit  quantity,  without  inquiring  further 
into  its  stnicture.  It  would  only  occasion  the  risk  of  conflict  with 
facts  still  to  1)0  discovered  if  we  elaborated  our  fiction  any  further 
than  is  abs^)lutely  necessary.  Indeed,  the  phenomena  of  radio- 
activity have  already  compelled  us  to  suppose  that  there  are  particles 
much  smaller  than  atoms  (see  Radium).  Without  this  assumption 
the  new  f act^  cannot  be  accounted  for  in  harmony  with  the  molecular 
hypothesis. 
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The  Atomic  Jtypotheais  and  Chemical  Change.  —  The  change 

fram  chemical  unila  to  atoms  is  so  slight  that  the  application  of  this 
hypothesis  to  the  description  of  chemical  phenomena  is  very  readily 
made.  The  description  gains  in  concreteness,  however,  from  the 
change.  Thus,  we  consider  iron  from  every  source  to  be  made  of 
minute  portions  of  iron  matter  which  are  all  alike  in  weight,  and  pre- 
sumably also  in  their  other  properties.  Similarly,  all  specimens  of 
sulphur  are  made  of  minute  particles  of  sulphur  having  exactly  the 
same  weight.  The  weiglit  of  a  sulphur  atom,  however,  is  different 
from  that  of  an  iron  atom.  When  visible  portions  of  the  two  sub- 
stances unite,  we  conceive  the  operation  to  consist  in  the  union  of 
each  atom  of  iron  with  one  atom  of  sulphur  to  produce  a  molecule  of 
ferrous  sulphide.  The  consurpmation  of  this  union  between  multi- 
tudes of  pairs  of  the  respective  kinds  of  atoms  in  every  second  of 
time  results  in  a  chemical  transformation  whose  progress  is  percep- 
tible by  the  senses. 

In  more  complex  chemical  changes,  a  further  correspondence 
between  the  hypothesis  and  the  facts  comes  to  our  notice.  For 
example,  when  sulphuric  acid  acta  upon  sodium  chloride  to  produce 
hydrogen  chloride: 

NaCl  +  H^,->HC1  +  NaHSO,, 

one  part  by  weight  of  hydrogen  takes  the  place  of  23  parts  by  weight 
of  soiiium,  and  combines  with  35.45  parts  of  chlorine  to  form  the 
hydrogen  chloride.  This  is  the  way  we  state  the  change  when  we 
refer  to  measurable  quantities,  .According  to  this  hypothesis,  the 
operation  consists  in  the  repetition,  millions  of  times  over  within  a 
small  amount  of  material,  of  the  sulistitution  of  one  atom  of  hydrogen 
for  one  atom  of  sodium  to  form  a  molecule  of  hydrogen  chloride. 
The  special  fact  which  we  notice  is  that  the  atom  of  hydrogen  suffices 
exactly  to  occupy  the  place  of  the  atom  of  sodium.  If  it  were  some- 
what too  heavy  or  somewhat  too  light,  then  a  single  unit  weight  for 
hydrogen  would  not  describe  the  proportions  of  the  element  in  all  its 
combinations,  a  fituation  which  would  be  contrary  to  the  fact 
recorded  in  the  law  of  combining  weights  (p.  34),  The  remarkable 
fact  about  this,  and  all  other  double  decompositions  of  the  enine 
sort,  is  that  the  little  masaeR  of  the  various  elements  exchange  places, 
without  any  alterations  to  fit  the  new  compound  being  required. 
Uenoe  our  assumption  that  the  atoms  are  permanent,  coherent 
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wholes.  This,  of  course,  is  simply  stating  nn  terms  of  the  atomic 
hypothesis  the  facts  which  underlie  the  conception  of  unit  wei^ts. 
A  chemical  phenomenon  as  we  observe  it,  then,  ii  imaginad  to  eoosiit  in 
some  systematic  liberation,  combination,  or  exchange  d  atoms,  aeeocding 
to  a  definite  scheme,  and  repeated  many  TnilHons  d  times  (onoe  with 
each  molecule)  in  a  body  or  mhctore  of  bodies. 

Uie  Atomic  H^fpotheais  and  the  QuantU€Mve  LatOB. — ^The 

idea  of  atoms  simply  crystallizes  somewhat  more  definitely  the  con- 
ception of  chemical  unit  weights.  Hence,  it  follows  of  necessity  that 
the  quantitative  laws  of  chemical  combination,  out  of  whidi  the 
latter  arose,  will  be  found  to  be  entirely  in  harmony  with  the  atomic 
hypothesis.  The  definite  composition  of  each  compound,  for  exam- 
ple, corresponds  to  the  hypothesis  that  each  substance  is  made  up  of 
a  specific  kind  of  molecules,  all  of  which,  in  tiun,  contain  the  same 
kind  and  number  of  atoms. 

The  conception  of  valence  (p.  70)  suggests,  in  terms  of  this 
hypothesis,  that  some  atoms  unite  with  but  one  other  atom,  habitu- 
ally (NaCl).  Some,  however,  unite  with  two  of  the  first  kind  (ZnC3^, 
or  with  one  other  of  their  own  kind  (ZnO),  still  others  with  three 
atoms  of  the  first  kind  (AlClj),  and  so  forth.  In  other  words,  it 
involves  the  assumption  that  each  kind  of  atom  has  a  limited  capa- 
city for  holding  other  atoms  in  combination.  Thus,  taking  the  most 
crudely  mechanical  view  of  the  matter,  we  might  elaborate  the 
hypothesis  by  suggesting  that  there  is  a  limit  to  the  number  of  points 
at  which  atoms  may  be  attached  to  one  another.  When  one  atom 
of  chlorine  is  attached  to  one  of  sodium,  the  combining  capacity  of 
each  is  exhausted.  When  one  atom  of  hydrogen  is  attached  to  one 
atom  of  oxygen,  one  combining  capacity  of  the  oxygen  still  remains 
(H— O— ),  and  can  be  satisfied  by  one  more  atom  of  hydrogen  or  of 
some  other  element. 

Equations  and  the  Atomic  Hupothesis.  —  Since  equations  are 

simply  records  of  the  kinds  and  quantities  of  matter  taking  part  in 
chemical  changes,  they  require  no  addition  to  the  atomic  h3rpothesiB. 
The  symbols,  which  originally  represented  unit  weights  of  the  various 
elements,  may  stand  equally  well  for  atoms.  Hence,  in  the  current 
language  of  chemistr>%  potassium  chlorate  (KClOj)  is  composed  of 
one  atom  each  of  potassium  and  of  chlorine,  and  three  atoms 
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of  oxygen,  in  each  molecule.     The  word  "  atom  "  stands  for  luiit 
weight,  and  the  word  "  molecule  "  for  molecular  weight. 

Concretely,  when  these  terms  are  used,  the  chemical  equation 
represents  one  minute  specimen  of  the  change  which  is  taking  place 
throughout  the  whole  mass.  It  shows  enough  molecules  and  atoms 
to  furnish  a  complete  example  of  what,  repeated  millions  of  times, 
will  constitute  a  chemical  change  in  a  visible  amount  of  material. 
There  are  a  few  details  which  this  point  of  view  suggests.  For 
example,  the  equation  HgO  — •  Hg  +  0  shows  the  weights,  but  does 
not  include  a  complete  sample  of  the  materials  in  the  point  of  view 
of  this  hypothesis.  The  smallest  fragment  of  free  ox>'gcn  which  we 
can  obtain  is  made  of  two  atoms.  Hence  two  molecules  of  mercuric 
oxide  are  required  to  furnish  them.  Thus  the  minimum  number 
of  moleadea  which  would  suffice  for  carrying  out  this  change  on  a 
molecular  scale  is  2HgO  — •  2Hg  +  0,.  Similarly,  since  the  small- 
discrete  portions  of  free  hydrogen  and  chlorine  contain  two  atoms 
tech,  we  must  write  the  equation  H,  +  CL,  — »  2HC1  {p.  140). 

May  other  Properties,  Beatdea  Definite  Maaa  and  Specie 
Itatertal,  be  attributed  to  an  Atom?  —  In  one  direction,  namely, 
(hat  of  accounting  for  the  properties  of  compounds,  no  attempt  has 
been  made  to  adapt  the  atomic  hj-pothesis  so  as  to  explain  the  facts. 
Thus,  two  hydrogen  atoms  in  a  molecule  give  a  gas  almost  insoluble 
in  water;  two  chlorine  atoms,  a  gas  which  is  moderately  soluble;  but 
one  of  each  gives  hydrogen  chloride,  which  dissolves  in  water  in 
extraordinary  quantities.  So  also,  colorless  substances  give,  by 
chemical  union,  strongly  colored  ones,  and  odorless  substances,  by 
chemical  union,  strongly  odorous  ones.  Putting  pieces  of  iron  and 
iflulphur  side  by  side  causes  absolutely  no  change  in  the  properties  of 
pther.  And  yet  this  hypothesis  compels  us  to  assume  that  if  the 
particles  are  made  fine  enough,  and  placed  close  enough  to  one 
another,  the  individual  properties  of  the  constituents  will  entirely 
clisappear.  Hitherto  we  have  failed  to  think  of  any  qualities  which 
might  be  attributed  to  the  atoms  in  order  to  account  for  facts  of 
■lass.  Why  should  oxygen  (O,)  and  oeone  (0,)  be  so  different 
behavior,  although  the  atomic  theory  hint*  at  nothing  but  a  sub- 
'tution  of  three  atoms  for  two?  What  atomic  properties  shall 
account  for  the  difTerence  between  red  and  yellow  phosphonisT 
Usually,  in  explaining  these  matters,  we  forsake  atoms  and  employ 
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the  conception  of  energy.    We  say  that  ozone  has  more  energy  than 
oxygen,  and  yellow  phosphorus  more  than  red  phosphorus. 

There  are  certain  facts,  however,  such  as  the  chemical  actions 
known  as  internal  rearrangements  (p.  10),  which  are  successfully 
explained  by  supposing  that  the  atoms  composing  a  given  kind  of 
molecule  are  disposed  tewards  one  another  In  a  deflnito  geomsMeal 
axrangemant.  We  speak  then  of  the  siructuro  of  the  molecule  and 
the  constitution  of  the  substance,  and,  to  represent  our  conclusions, 
we  use  graphic  formoltt  {q,v.). 

Summing  this  up,  we  find  that  all  the  suppositions  the  chemist 
makes  are:  That  an  atom  has  a  specific  mass,  which  is  not  altered  in 
ordinary  chemical  change,  and  consists  of  a  specific  Idnd  of  material; 
that  its  capacity  for  combining  with  other  atoms  is  limited  by  its 
valence,  and,  sometimes,  that  the  atoms  in  a  molecule  are  arranged 
with  reference  to  one  another  in  space  in  some  definite  way.  After 
making  this  formulative  hypothesis,  however,  he  knows  no  more 
than  he  did  before  about  the  real  mechanism  of  chemical  change 

Exerdaea.  —  1.  In  previous  chapters  our  definitions  have  been 
experimental;  that  is,  have  been  expressed  in  terms  of  facts  learned 
by  experiment.  In  imitation  of  the  definitions  of  the  law  of  definite 
proportions  and  of  valence  outlined  on  p.  154,  write  out  theoretical 
definitions  of  the  following,  in  terms  of  the  atomic  hypothesis:  Phy- 
sical and  chemical  phenomenon,  multiple  proportions,  chemical  unit 
weight,  molecular  weight,  element,  compound,  symbol,  formula, 
equation. 

2.  Criticize  the  definitions:  The  atomic  weight  of  an  element  is  the 
smallest  portion  of  that  element  which  takes  part  in  chemical  change. 
An  atom  is  the  smallest  particle  that  can  be  conceived. 

3.  Define  all  the  varieties  of  chemical  change  (p.  124)  in  terms  of 
the  atomic  hypothesis. 
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The  elements  to  which  we  have  so  far  devoted  most  attention  have 
been  oxygen,  hydrogen,  and  chlorine.  If  we  recall  the  chemical 
properties  and  relations  of  theae  elements  we  shall  recognize  the  fact 
that  they  all  possess  very  distinct  individualities. 

The  Chemical  Relationa  of  Elements.  —  Hydrogen  is  the  sub- 
stance (p.  74)  which  unites  readily  with  oxygen  and  chlorine,  less 
readily  with  other  non-metals,  and  scarcely  at  all  with  metala. 
Oxygen  and  chlorine  resemble  one  another  somewhat  in  the  greatness 
of  their  chemical  activity  and  the  variety  of  free  elements  with  which 
they  are  capable  of  uniting,  but  differ  markedly  in  what  we  have 
called  their  chemical  relations  (p.  116).  The  resulting  compounds 
belong,  in  fact,  to  quite  different  classes  —  oxygen  forms  oxides, 
chlorine  forms  chlorides  —  ani  elem«iita  are  comiderod  aimilai  only 
whflD  they  resemble  one  •notber  in  cbemlcal  relationa,  uid  produce,  by 
combination  with  the  same  element,  compound!  having  similar  chemical 
proparUea.  Thus  the  common  oxide  of  hydrogen,  water,  is  a  neutral 
substance,  and  is  chemically  rather  indifferent.  The  chloride  of 
hydrogen  in  aqueous  solution  is  a  strong  acid  and  is  cbemicaUy  very 
active.  *  If  all  the  other  chemical  elements  differed  from  one  another 
as  much  as  do  these  three,  they  would  be  incapable  of  classification. 
In  reality,  however,  we  find  that  the  elements  can  be  grouped 
together  in  sets.  They  are  classified  according  to  the  kind  of  sub- 
stances with  which  they  combine  and  the  chemical  nature  of  the 
products.  In  some  families  the  resemblance  is  cloae,  in  others  leaa 
dose.      The  present  group  is  of  the  former  class,  and  will  serve, 

•  The  differenoe  between  onidee  and  chloridee  U  seen  in  th«r  behavior,  and 
will  ahow  itaelf  &a  we  proceed.  We  have  already  learned,  howei-er.  that  oxide* 
otlen  unite  with  wal*r  tn  tona  acid*  or  liaeee  (p.  81).  Chloridee  do  not 
unit*  with  water  to  fonn  new  EubBtanc««  with  marked  eharacUrietiea  (c/. 
p.  83),    They  belong  to  the  huge  cloea  of  compounds  duHignalrd  itlts  (q.v.). 
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therefore,  as  a  convenient  beginning  in  the  work  of  tracing  rdations 
between  the  elements  and  in  classif3dng  the  facts  of  descriptive 
chemistry. 

The  ChenUcal  Relations  of  the  Halogens.  —  The  bromide 
(NaBr),  iodide  (Nal),  and,  to  a  less  extent,  the  fluoride  (NaF),  of 
sodium,  resemble  sodium  chloride  (NaCl)  in  appearance  and  bdiavior. 
From  the  fact  that  chlorine,  bromine,  iodine,  and  fluorine  are  thus  all 
able  to  produce  substances  which,  both  in  composition  and  chemical 
behavior  (see  p.  187),  resemble  salt,  they  are  Imown  as  the  halogwu 
(Gk.  oAs,  salt;  ycvmv,  to  produce),  and  their  compounds  are  named 
the  halides.  The  halogens,  as  the  above  f ormulse  show,  are  univa- 
lent. They  all  form  compoimds  with  hydrogen,  and  these  com- 
pounds closely  resemble  hydrogen  chloride  (g.v.).  For  examfde, 
they  are  colorless,  they  are  gases  (except  hydrogen  fluoride,  a  very 
volatile  liquid),  they  are  very  soluble  in  water,  and  thdr  solutions 
are  acids.    Other  relations  will  be  given  in  a  summary  at  the  end  of 

the  chapter. 

Bromine  Br,. 

Occurrence. — The  compounds  of  chlorine,  bromine,  and  iodine 
usually  occur  together  in  nature,  while  the  compounds  of  fluorine  are 
not  found  in  the  same  sources.  Bromine  occurs  chiefly  in  the  form 
of  the  bromides  of  sodium  and  magnesium,  in  the  upper  layers  of 
the  natural  beds  of  rock  salt. 

Preparation.  —  In  the  chemical  point  of  view  there  are  three  dis- 
tinct ways  in  which  bromine  is  made.  1 .  The  first  of  these  is  dosdy 
related  to  the  common  method  of  preparing  chlorine  (p.  112).  Kb 
hydrobromic  acid,  unlike  hydrochloric  acid,  is  not  formed  ezto:!- 
sively  in  connection  with  any  chemical  industry,  potassium  bronude, 
the  most  accessible  compound  of  bromine,  is  treated  with  conooi- 
trated  sulphuric  acid,  and  the  product  is  oxidized  with  powdered 
manganese  dioxide  in  one  operation.  The  whole  action  may  be 
represented  in  a  single  equation  (see  next  section),  as  follows: 

2KBr  +  SHjSO^  +  MnOj  ->  MnSO^  4-  2KHSO4  4-  2H,0  +  Rr,. 

Bromine  being  a  volatile  liquid,  while  the  two  sulphates  are  invol- 
atile,  its  vapor  passes  off  along  with  a  little  water  when  the  above 
mixture  is  heat^.  It  is  condensed  in  a  worm-tube  surrounded  by 
cold  water. 
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2.  The  second  method  of  preparing  bromine  depends  on  the  fact 
that  chlorine  la  a  more  active  element  and  displaces  bromine  from 
combination.  When,  therefore,  chlorine  is  passed  into  a  solution  of 
potassium  or  sodium  bromide,  pota^umor  sodium  chloride  is  formed 
and  the  bromine  liberated: 

2NaBr  +  CI,  —  2NaCl  +  Br,. 
When  the  liquid  is  warmed,  the  bromine  passes  off  along  with  a  part 
of  the  water,  and  may  be  condensed  as  before, 

3.  Aqueous  solutions  of  soluble  bromides  may  be  decomposed  by 
means  of  a  current  of  electricity.  The  bromine  is  set  free  at  the 
positive  electrode. 

The  whole  of  tho  bromine  used  in  commerce  is  at  present  manu- 
factured in  the  first  two  of  these  ways.  Two-thirds  of  the  supply  is 
obtjuned  from  Stassfurt,  where,  after  the  extraction  of  the  potassium 
chloride  from  the  impure  camallite  (KCI,  MgCi,,  6H,0),  the  mother- 
liquor  is  found  to  contain  the  more  soluble  sodium  and  magnesium 
bromides  in  considerable  quantities.  The  warm  mother-liquor 
trickles  down  over  round  stones  in  a  tower.  The  chlorine  is  intro- 
duced from  below  and  dissolves  in  the  liquid.  The  bromine  ia  thus 
liberated  and  passes  off  as  vapor.  A  part  of  our  supply  of  bromine 
is  obtained  from  the  brines  of  Ohio,  West  Virginia,  and  Kentucky. 
Here  the  liquid,  after  moat  of  the  common  salt  has  been  removed  by 
crystallization,  is  assayed  to  ascertain  the  quantity  of  bromine  which 
it  contains,  and  is  treated  with  the  calculated  amount  of  sulphuric 
acid  necessary  for  the  action.  Manganese  dioxide  is  then  added  in 
small  quantities  at  a  time.  In  Michigan  the  bnnes  are  treated  with 
electrolytic  chlorine.  The  quantity  produced  in  America  in  1906, 
was  640  tons,  and  was  valued  at  $165,204. 

Partial  EqtiaUona,  a  Ptnn  for  Making  Complex  Eguattona. 

—  When  im  equation  involves  more  than  two  initial  substances  or 
products,  as  does  the  one  ©ven  above  for  the  first  method  of  pre- 
paring bromine,  it  cannot  readily  be  worked  out  by  the  method 
formerly  recommended  (p.  41).  After  the  formulie  of  all  the  sub- 
stances, on  both  sides,  have  been  set  down,  it  is  difficult  to  hit  upon 
the  projwr  coefficients  required  to  balance  the  equation.  In  such 
caites,  a  good  plan  ia  to  select  tu>o  of  the  initial  substances,  and  make 
a  putiml  Kgnation  showing  part  of  the  action  and  including  at  least 
one  actual  product.     Any  unused  units  (not  constituting  a  product) 
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are  then  set  down  also  and  treated  as  a  balance.  Thus  the  first  two 
of  the  substances,  in  the  above  equation,  will  furnish  the  second  of 
the  products: 

KBr  +  H^O^  ->  KHSO^  (+  HBr).  (1) 

Then  we  may  represent  the  formation  of  the  first  of  the  products 
from  the  materials  which  evidently  must  have  been  used  up  in  form- 
ing it,  and  set  down  the  balance  as  before: 

MnOj  -h  H2SO4  -^MnSO^  +  H,0  (+  O).  (2) 

We  then  perceive  that  the  last  of  the  products  might  come  from  the 
oxidation  of  the  first  balance  by  the  second: 

(2HBr)  +  (O)  -^  H,0  -h  Br,.  (3) 

The  third  partial  equation  shows  that  2HBr  will  be  needed  for  the 
amount  of  O  obtainable  from  MnOji  so  we  go  back  to  (1)  and  multiidy 
it  by  two  throughout: 

2KBr  +  2H2SO,-^2KHSO,(+2HBr)  (1) 

MnO,  +  H^O^  -^  MnSO^  +  H,0  (+  O)  (2) 

(2HBr)  +  (O)  -^  H,0  +  Br^ (3) 

2KBr  +  3H3SO,  +  MnOj  ->  2KHS0,  +  MnSO,  +  2H,0  +  Br, 

When  we  now  add  the  real  substances  used  and  produced,  as  they 
occur  in  these  partial  equations,  and  leave  out  the  balances,  which 
have  been  adjusted  so  as  to  cancel  one  another,  we  obtain  the  finfJ 
equation  already  given  for  the  action.  It  must  be  observed  that  this 
subdivision  of  the  action  into  parts  is  a  purely  arithmetical  device. 
The  partial  equations  made  for  purposes  like  the  present  one  are 
often  purely  fictitious.  It  is  still  true,  however,  that  we  are  aided 
in  the  selection  of  partial  actions  at  each  step  by  following  some 
plausible  theory  as  to  stages  for  the  action  which,  if  there  were  any, 
would  be  chemically  conceivable. 

Bhusical  Properties.  —  Bromine  is  a  dark-red  liquid  (sp.  gr. 
3.18).  It  boils  at  59°,  forming  a  deep-red  vapor,  and  even  at  ordi- 
nary temperatures  gives  a  high  vapor  pressure  (150  mm.  at  18°)  and 
evaporates  quickly.  When  cooled  it  forms  red,  needle-shaped  crys- 
tals (m.-p.  7.3°).  A  saturated  aqueous  solution  (bromine-water)  at 
ordinary  temperatures  contains  about  three  parts  of  bromine  in  one 
hundred  of  water.    The  element  is  much  more  soluble  in  caibon 
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bisulphide,  alcohol,  and  other  organic  solvents.  ltd  vapor  density 
up  to  75ff=  ia  160  (oxygen  =  32). 

Bromine  (Gk.  fipufUK,  a  stench)  has  a.  most  pungent  odor.  It  has 
a  very  irritating  effect  on  the  mucous  membrane  of  the  nostrils  and 
throat.  If  spilled  upon  the  hands  it  has  a  most  destructive  action 
upon  the  tissues. 

When  free  bromine  ia  added  to  starch  emulsion  no  special  change 
in  tint  is  observable  unless  a  very  large  amount  of  the  element  is 
used  (see  Io<line). 

Chemical  Properties.  —  The  molecular  weight  of  bromine  being 
160.  and  the  atomic  weight  79.96,  the  molecules  of  the  vapor  are 
diatomic  and  the  molecular  formula  of  the  elementary  substance 
is  Br,. 

Bromine  unites  directly  with  hydrogen.  The  mixture  of  the  gases 
is  not  explosive,  and  the  union  is  much  slower  than  in  the  case  of 
chlorine.  In  presence  of  finely  divided  platinum  the  speed  of  the 
action  may  be  considerably  increased. 

Bromine  forma  compounds  directly,  both  with  non-raetals,  like 
pboBphorua  and  arsenic,  and  with  most  of  the  metals.  Towards 
unsaturated  substances  and  organic  compounds  it  behaves  hke 
chlorine  {q.v.).  In  all  cases  the  interaction  ia  less  violent  than  when 
chlorine  is  used,  and  the  element  is  displaced  from  combination  with 
hydrogen  and  with  the  metals  by  free  chlorine. 

Potafisium  bromide  is  employed  in  making  photographic  plates 
and  in  medicine  and  in  the  preparation  of  organic  dyes. 

Hydrogen  Bkomide  HBr. 

Preparation —  It  might  be  expected  that  the  most  convenient 
way  of  producing  this  compound  would  be  similar  to  that  used  in 
preparing  hydrogen  chloride,  namely,  by  the  action  of  concentrated 
sulphuric  acid  upon  some  common  bromide,  such  as  potassium  bro- 
mide (KBr  +  H,SO,  rz£  HBr  +  KHSO^.  Hydrogen  bromide  being 
leas  stable,  however,  a  large  part  of  it  is  oxidized  by  the  sulphuric 
acid  and  the  product  is  mixed  with  sulphur  dioxide  and  free  bromine. 

Sinceall  acids  decompose  nil  salts  more  or  less,  use  of  an  acid  which 
does  not  pve  up  its  oxygen  so  readily,  such  as  phosphoric  acid,  will 
yield  pure  hydrogen  bromide  (KBr  +  HjPO.^HBrf  +  KH,PO,). 
The  small  solubility  of  the  salt  in  concentrated  phosphoric  acid 
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retards  the  interaction  and  makes  the  evolution  of  the  gas  very  alow, 
however. 

Pure  hydrogen  bromide  is  best  prepared  by  the  action  of  water  upon 
phosphorus  tribromide  (see  Hydrolysis,  below).  When  bromine  and 
phosphorus  are  mixed,  a  violent  imion  of  the  two  elements  takes 
place,  producing  phosphorus  tribromide  (PBr,).  This  substanoey 
which  is  a  colorless  liquid,  is  in  turn  broken  up  with  great  ease  by 
water,  producing  phosphorous  acid,  which  is  not  volatile,  and 
hydrogen  bromide: 

.  Br      HOH 
P— Br  +  HOH  -^  P(OH),  +  3HBr. 
^  Br      HOH 

In  practice,  those  two  actions  are  carried  on  simultaneoiialy.     To 
diminish  the  vigor  of  the  interaction,  red  phosphorus  is  taken  instead 
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of  yellow,  and  is  mixed  with  two  or  three  times  its  weight  of  sand  in 
a  flask  (Fig.  47).  A  small  quantity  of  water  is  added.  ExcesB  of 
water  must  be  avoided,  as  the  hydrogen  bromide  produced  is 
extremely  soluble,  and  would  therefore  be  retained  in  the  flask 
instead  of  being  disengaged  as  gas.  The  bromine  is  placed  in  the 
dropping  funnel,  and  admitted,  a  little  at  a  time,  to  the  mixture. 
The  gas  produced  is  passed  through  a  U-tube  containing  glass  beads 
mixed  with  red  phosphorus.  The  latter  combines  with  any  free 
bromine  which  may  have  been  carried  along  with  the  gas.    The 
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ind  U-tube,  containing  water,  may  be  attached  when  a  solution 
gas  is  required. 
Hydrolffsi*.  —  The  interaction  of  water  with  phosphorus  tri- 
bromide  (foregoing  section)  illustrates  an  important  property  of 
water  {p.  81)  and  a  common  variety  of  chemical  change.  The 
action  is  a  double  decompoiition  in  wbicb  water  b  one  of  tbe  intenotiag 
anbatsQcei  and  \a  called  an  hjrdrolyiia  (Gk.  vSup,  water,  and  Amtk,  the 
act  of  loosing).  The  water  divides  into  the  radicals  H  and  OH,  and 
the  former  unites  with  tiie  more  active  non-metal  in  the  substance 
(aa  the  bromine  in  PBtj}  and  the  hydroxyl  with  the  other  element. 
For  example,  PCI,  +  3H0H-.  p(OH),  +  3HCI.  All  the  halides 
of  the  non-metals  are  thus  hydrolyzed  (see  sulphur  mono-chloride), 
as  are  also  some  other  classes  of  compounds. 

Physical  Properties.  —  Hydrogen  bromide  ia  a  colorless  gas 

with  a  eharp  odor.     It  is  two  and  a  half  times  as  heavy  as  air.     It  is 

1y  reduced  to  the  liquid  condition.     It  is  exceedingly  soluble  in 

Aer,  and  in  contact  with  moiat  air  condenses  the  water  vapor  to 

luda  of  Uquid  particles.  Pure  hydrogen  bromide,  whether  in  the 
gaseous  condition  or  in  the  liquefied  form,  is  a  nonconductor  of 
electricity  (see  below). 

Chemical  Properties,  —  The  chemical  properties  of  hydrogen 
bromide  are  similar  to  those  of  hydrogen  chloride  (p.  120).  It  ia 
somewhat  less  stable,  and  dissociation  into  its  constituents  be^ns  to 
be  noticeable  at  SOC.  When  free  from  water,  it  is  not  an  acid  (see 
below).  The  gas  interacts  vigorously  with  chlorine,  hydrogen  chloride 
and  free  bromine  being  i)roduced,  2HBr  -(-  CI,  -*  2HCI  +  Br,. 

Chemical  Properties  of  Hydrabromic  Acid  JlBr,  Aq.  —  The 
solution  of  the  hydrogen  bromide  in  water  is  an  active  acid  (i/. 
p.  7S).  It  conducts  electricity  extremely  well.  In  contact  with 
certain  metals,  and  with  oxides  of  metals  and  hydroxides  of  metals, 
it  behaves  exactly  like  hydrochloric  acid  (p.  123).  In  the  first  case, 
hydrogen  is  set  free  and  the  bromide  of  the  metal  produced.  In  the 
other  two  cas^,  water  and  the  bromides  of  the  metala  are  produced. 
Oxidizing  agents  sot  bromine  free  from  hydrobromic  acid,  and  the 
only  difference  as  compared  with  hydrochloric  acid  is  that  leas 
powerful  oxidizing  agentfl  can  prorluce  this  result  (p.  161).  Chlorine 
dissolved  in  water  displaces  bromine  from  hydrobromic  acid  and 
from  Bolublo  bromides  with  ease. 


PI 

^^with 

^|Houc 


164  COLLEGE  CHEMISTRT 

Iodine  I,. 

Occurretiee* — Iodine,  like  bromine,  occurs  in  sea-water,  althou^ 
it  is  present  in  much  smaller  quantities.  Fortunately,  certain  species 
of  sea-weed  seem  to  have  the  power  to  remove  it  from  water,  and 
use  it  as  a  constituent  in  complex  organic  compounds  which  they 
contain.  In  the  case  of  some  species,  the  ash  of  the  sea-weed  is  said 
to  contain  as  much  as  two  per  cent,  or  even  more.  The  other  chief 
source  of  iodine  is  in  Chili  saltpeter  (mainly  NaNO,),  in  which  it  is 
present  in  the  form  of  small  proportions  of  sodium  iodate  (NalO,) 
and  sodium  iodide.  Of  recent  years  the  quantity  obtained  commer- 
cially from  this  som-ce  has  greatly  increased,  while  that  from  sea- 
weed has  diminished. 

Preparation. —  1.  In  factories  where  the  iodine  is  extracted 

from  sea-weed,  the  latter  is  first  burned,  either  rou^y  in  hollows 
in  the  ground,  or  more  carefully  in  specially  constructed  ovens.  A 
great  deal  of  the  iodine  seems  to  be  lost  by  volatilization  in  this  pro- 
cess, but  the  ash  that  remains,  which  is  known  in  Scotland  as  kdp 
and  in  Normandy  as  varec,  still  contains  from  0.5  to  1.5  per  cent  of 
sodium  iodide.  The  ash  is  treated  with  water,  and  the  solution  is 
evaporated  so  as  to  permit  the  deposition  of  the  sodium  chloride  and 
sodium  sulphate  which  it  contains.  The  sodium  iodide,  being  veiy 
soluble,  remains  in  the  mother-liquor.  This  is  then  treated  with 
manganese  dioxide  and  sulphuric  acid.  The  quantity  of  manganese 
dioxide  is  carefully  measured  so  as  to  be  just  sufficient  to  set  free 
the  iodine  contained  in  the  liquid,  without  proceeding  farther  to  the 
liberation  of  the  chlorine  which  it  contains  in  much  larger  amounta 
When  the  mixture  is  heated,  the  iodine  passes  oflf  in  the  form  of 
vapor,  and  is  condensed  in  a  suitable  receiver.  The  action  (ffi  |qp. 
113,  158,  160)  is: 

2NaI  +  MnOj  +  SH^SO,  -^  MnSO,  +  2NaHS0,  +  2H,0  +  I,. 

2.  In  France  the  treatment  is  similar,  excepting  that  chlorine  is 
used  to  liberate  the  iodine  in  the  last  stage  (2NaI  +  Cl2-^2NaCl-hIJ. 
The  quantity  is  adjasted  so  that  excess  may  not  be  employed.  The 
iodine,  being  insoluble,  forms  a  dense  precipitate,  and,  when  the 
liquid  is  pressed  out,  it  remains  behind  in  the  form  of  a  paste. 

3.  E3ectricity  could  also  be  used  for  the  decomposition  of  this 
mother-liquor.  The  iodine  is  set  free  at  the  positive  electrode,  while 
the  metals  pass  to  the  other. 
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In  all  cases  the  iodine  is  subjected  to  purificatioa  before  being 
Bold.  This  is  carried  out  by  distilling  it  with  a  little  powdered 
potassium  iodide.  It  condenses  in  the  solid  form  directly,  in  glitter- 
ing black  plates  (sublimed  iodine).  The  distillation  of  a  solid  body, 
when  a  condensation  takes  place  directly  to  the  solid  form,  is  spoken 
of  as  Bublinutiou. 

Physical  ProperUea.  — Iodine  (Gk.  iVifiiJs,  like  a  violet)  ia  a 
solid  substance  (sp.  gr.  5),  exhibiting  large  crystalline  plates  of 
rhombic  form.  It  melts  at  1 14",  and  boils  at  184°.  The  vapor  has 
at  first  a  reddLsh-violet  tint,  and  on  being  more  strongly  heated 
becomes  deep  blue  (see  next  section). 

Iodine  is  much  less  soluble  in  water  th^i  are  the  other  halogens, 
and  the  solution  has  a  scarcely  perceptible  brown  tint.  At  ordinary 
temperatures  one  part  ot  iodine  dissolves  in  5000  —  6000  parts  of 
water.  It  is  much  more  soluble  in  carbon  diaulphide  (p.  103)  and 
in  chloroform,  in  which  it  gives  violet  solutions.  In  alcohol  it  gives 
a  solution  which  is  brown.  The  brown  color  is  attributed  to  the 
fact  that  in  alcohol  the  iodine  is  in  a  condition  of  feeble  combination, 
and  not  simply  in  solution.  An  aqueous  solution  of  potassium  iodide, 
hydrogen  iodide,  or  any  other  iodide,  has  likewise  the  power  to  take 
up  large  quantities  of  iodine.  In  these  cases,  however,  the  formation 
of  definite  compounds  (such  as,  KI  +  Ij  i=i  KI,),  by  a  reversible 
action,  accounts  for  the  amount  of  iodine  which  appears  to  be 
dissolved. 

The  behavior  of  free  iodine  towards  starch  forms  a  distinctive  tMt 
for  both  substances  (c/.  p.  114).  When  starch  ia  treated  with  boiling 
water  it  pass^  into  a  state  of  fine  suspension,  and  the  liquid  may  be 
filtered  without  removal  of  all  the  starch.  When  traces  of  iodJne, 
contained,  for  example,  in  the  pale-brown  aqueou,»i  solution,  are 
added  to  this  filtered  starch  emulsion,  a  deep-blue  color  is  produced. 
The  same  action  is  used  as  a  test  for  starch.  This  blue  substance  is 
not  a  chemical  coinjxfund,  but  a  solution  of  the  iodine  in  the  solid 
starch  which  ia  suspended  in  the  water. 

Chemteal  Properties.  —  The  molecular  weight  of  iodine,  ascer- 
tained by  weighing  the  vapor  at  a  temperature  above  the  boiling 
point,  is  254,8.  The  atomic  weight  being  126.97,  the  molecule 
contains  two  atoms.  This  value  for  the  density  remains  unchanged 
when  the  measurement  is  made  at  temperatures  up  to  about  700°. 
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Beyond  this  point,  however,  the  vapor  diminishes  in  d^isity  more 
rapidly  than  Charles'  law  would  lead  us  to  expect,  and  at  1700°  the 
molecular  weight  has  fallen  to  127.  As  the  vapor  is  heated,  a  larger 
and  larger  proportion  of  the  molecules  is  broken  up,  until  the  decom- 
position has  become  complete.  As  in  all  cases  of  dissociation,  when 
the  vapor  is  cooled  the  atoms  recombine  to  form  molecules.  Tliis 
chemical  action  is  interesting,  since  it  is  the  most  notable  case  in 
which  we  encounter  both  the  monatomic  and  the  diatomic  forms  of 
the  same  element.  The  heat  given  out  when  the  atoms  reunite  to 
form  the  molecules  is  very  considerable  (21  ?=fc  I,  -f  28,500  cal.),  indi- 
cating that  the  chemical  union  of  two  atoms  of  identical  nature  may 
be  as  vigorous  as  that  of  two  atoms  of  different  chemical  substances. 
The  monatomic  and  diatomic  forms  of  iodine  should  be  distinct 
chemical  substances,  and  if  the  investigation  of  the  behavior  of  the 
former  were  not  hampered  by  the  very  high  temperature  at  which 
alone  it  exists,  it  would  doubtless  be  found  to  exhibit  different  chem- 
ical properties. 

Iodine  forms  no  hydrate  with  water.  It  unites  very  slowly  with 
hydrogen,  even  when  heated.  Iodine  unites  directly  with  a  number 
of  elements,  including  some  non-metals  and  the  majority  of  the 
metals.  When  phosphorus  is  presented  in  the  yellow  form,  the  action 
takes  place  spontaneously  without  the  assistance  of  heat.  Both 
chlorine  and  bromine  displace  iodine  from  combination  with  hydro- 
gen and  the  metals  (2HI  -f  Br^  ^  2HBr  4-  Ij).  The  action  may  be 
brought  about  either  with  the  substances  in  dry  form  or  with  th^ 
aqueous  solutions. 

Iodine  and  its  compounds  are  much  used  in  the  arts  and  medicine. 
Iodine  is  applied,  in  the  form  of  an  alcoholic  solution  ("  tincture  of 
iodine  ");  for  the  reduction  of  some  swellings.  It  is  required  in  mak- 
ing iodoform  (CHI3),  and  the  iodides  of  potassium,  rubidium,  and 
sodium,  which  are  used  in  medicine.  Potassium  iodide  is  likewise 
employed  in  the  manufacture  of  photographic  plates. 

Hydrogen  Iodide  HI. 

Preparation,  —  The  direct  union  of  hydrogen  and  iodine  cannot 
be  employed  in  preparing  pure  hydrogen  iodide.  The  union  takes 
place  slowly  at  445°,  but,  since  the  action  is  markedly  reversible 
(c/.  p.  115),  always  remains  incomplete:  Hj  +  I,  ^  2HI  (see  p.  173). 

The  action  of  concentrated  sulphuric  acid  upon  potassium  or 
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sodium  iodide  is  equally  inapplicable.  In  this  case,  as  in  that  of 
hydrogen  bromide  (p.  161),  the  hydrogen  halide  reduces  the  flul- 
phuric  acid,  and  much  free  iodine  ia  formed. 

Finely  powdered  sodium  iodide  and  concentrated  phosphoric  add 
((•/.  p.  161),  when  mixed  and  warmed,  ^ve  pure  hydrogen  iodide 
(NaT  +  H,PO,  ^  HI  t  4-  NaH,PO,).  This  action,  although  it 
goes  ver>'  slowly,  was  formerly  used  in  preparing  the  gas. 

The  best  method  is  one  similar  to  that  described  under  hydrogen 
bromide.  Phosphorus  and  iodine  unite  directly  to  form  PIj.  This 
b  a  yellow  solid  which  is  violently  decomposed  by  water  and  gives 
phoaphoroua  acid  and  hydrogen  iodide: 

PI,  +  3H,0  -»  P(OH),  +  3HI. 
If  excess  of  water,  which  dissolves  hydrogen  iodide,  is  avoided,  the 
latter  goes  off  in  a  continuous  streani  in  a  gaseous  condition. 

Still  another  method  of  making  hydrogen  iodide  is  frequently 
employed  when  a  solution  of  the  gas  in  water  is  required,  and  not  the 
gas  itself.  Powdered  iodine  is  suspended  in  water,  and  hydrogen 
sulphide  gas  (g.v.)  is  introduced  through  a  tube  in  a  continuous 
stream.  The  iodine  dissolves  slowly  in  the  water,  I,  (solid)  i±  I, 
(dslvd),  and  acts  upon  the  hydrogen  sulphide,  which  likewise  dis- 
solves, H,S  (gas)  ^^HjS  (dalvd).  Sulphur  separatesin  a  fine  powder, 
8  (dslvd)  i=f  S  (solid),  and  hydrogen  iodide  is  formed  in  accordance 
with  the  equation: 

II,S  +  I,  -*  2HI  +  S. 

This  action  takes  place,  however,  only  in  presence  of  water,  although 
the  water  does  not  appear  in  the  equation.  The  solution  is  freed 
from  the  deposit  of  sulphur  by  filtration,  and  may  be  concentrated  to 
67  per  cent  of  hydriodic  acid  by  distilling  off  the  water. 

FhtfMical  fntpertieg.  —  Hydrogen  iodide  is  a  colorless  gas  with 
a  sharp  odor.  Its  molecular  weight  is  128,  and  it  is  therefore  much 
heavier  than  air,  the  average  weight  of  whose  molecules  is  28.955 
(p.  126).  It  is  a  nonconductor  of  electricity,  both  In  the  gaseous 
and  in  the  liquefied  conditions.  It  is  exceedingly  soluble  in  water, 
so  that  at  0°  ten  grams  of  water  will  absorb  ninety  grams  of  the  gas, 
^ving  a  90  per  cent  solution.  The  behavior  of  this  solution  is  simi- 
lar to  those  of  hydrogen  chloride  and  hydrogen  bromide  {cf.  p.  120). 
The  mixture  of  constant  twiling-point  distils  over  at  127°  (at  760 
inm.),  and  contains  57  per  cent  of  hydrogen  iodide. 
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Chemical  Prfyperties. —  Hydrogen  iodide  is  the  least  stable  of  the 

hydrogen  halides.  When  heated  it  begins  visibly  to  decompose  into 
its  constituents  at  180^.  On  account  of  the  ease  with  which  it  parts 
with  the  hydrogen  which  it  contains^  it  can  be  burned  in  oxygen 
gas,  4HI  +  03^  2H3O  +  2I2.  When  the  gas  is  mixed  with  chlorine, 
a  violent  chemical  change,  accompanied  by  a  flash  of  light,  occurs, 
the  iodine  is  set  free,  and  hydrogen  chloride  is  produced,  CI,  -f  2HI-* 
2HC1  +  I2.  Bromine  vapor  will  similarly  displace  the  iodine  from 
hydrogen  iodide. 

Chemical  Properties  of  Hydriodic  Acid  HI9  Aq,  —  In    most 

respects  the  aqueous  solution  behaves  exactly  like  hydrochloric  and 
hydrobromic  acids.  With  oxidizing  agents,  for  example,  such  as 
manganese  dioxide,  it  gives  free  iodine,  just  as  the  others  give  free 
chlorine  and  bromine,  respectively.  Here,  however,  the  oxidation  is 
so  much  more  easily  carried  out,  that  it  is  slowly  effected  by  atmos- 
pheric oxygen,  so  that  hydriodic  acid  left  exposed  to  the  air  gradually 
becomes  brown  (0,  +  4HI  ~*  2H3O  +  2I2). 

Although  the  dry  gas  is  not  an  acid,  the  solution  has  all  the  ordi- 
nary properties  of  this  class  of  substances  (c/.  pp.  63,  111,  123,  161), 
The  hydrogen  may  be  displaced  by  metals  like  zinc  and  magnesium. 
The  acid  interacts  with  oxides  and  hydroxides,  forming  iodides  and 
water. 

Fluorine  Fj. 

The  discussion  of  this  element  should  logically  have  preceded  that 
of  chlorine,  since  it  is,  of  all  the  members  of  the  halogen  family,  the 
most  active.  Chlorine  was  taken  up  first,  however,  because  its  com- 
pounds are  more  familiar.  Fluorine  is  found  in  combination  in 
nature.  It  occurs  chiefly  in  the  mineral  fluorite  (calcium  fluoride, 
CaFj)  and  in  cryolite,  a  double  fluoride  of  aluminium  and  sodium 
(3NaF,  AlF,). 

Preparation.  —  When  a  solution  of  hydrofluoric  acid  is  heated 
with  manganese  dioxide,  oxidation  does  not  occur  and  free  fluorine 
is  not  produced.  Until  very  recently  all  efforts  to  isolate  the  element 
failed.  It  was  perfectly  understood  that  the  reason  of  these  failures 
lay  in  the  greater  chemical  activity  of  fluorine,  which  made  it  more 
difficult  of  separation  from  any  state  of  combination  than  the  other 
halogens.     Its  preparation  was  finally  achieved  by  Moissan  (1886) 
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by  the  decompoBition  of  anhydrous  hydrogen  fiuoride,  which  is 

liquid  below  19°,  by  means  of  electricity.     The  apparatus  (Fig.  48) 

is  made  of  copper,  which,  after  receiving  a  thin  coating  of  the  fluoride, 

is  not   further   affecteti.     To   reduce  the 

tendency  to  chemical  union,  the  whole  is 

immersed  in  a  bath  giving  a  temperature 

of  —  23°.     The  electrodes  are  made  of  an 

alloy  of  platinum  and  iridium,  which  is  the 

only  substance  that  can  resist  the  action 

of  the  fluorine.     Hydrogen  fluoride,  like 

other  hydrogen  haltdes,  is  a  nonconductor  c 

of  electricity,    and    a    small    quantity    of 

potassium  fluoride   has   to  be   added  to 

enable  the  current  of  electricity  to  pass. 

The    fluorine  is  set  free  at  the  po^tive 

electrode,   and  hydrogen  appears  at  the 

negative.     The  U-tube  is  closed,  after  the 

introduction  of  the  hydrogen  fluoride,  by 

means  of  blocks  made  of  calcium  fluoride, 

which  is  naturally  unable  further  to  enter 

into  combination  with  fluorine.     For  the 

reception  and  examination  of  the  fluorine 

gas,  other  copper  tubes  can  be  screwed  on  to  the  side  necks  of  the 

apparatus,  and,  when  necessary,  small  windows  of  calcium  fluoride 

can  be  provided.      It  has  been  found  that  fluorine  dried  with 

extraordinary  precaut  ions  is  without  action  on  glass, 

FhyHeal  Pro/»ei-((««.  — Fluorine  is  a  gfts  whose  color  is  like  that 
of  chlorine,  but  somewhat  paler.  Its  density  (3S)  shows  tliat  the 
molecule  is  diatomic  (F,).  The  gas  is  the  most  difficult  of  the  halogens 
to  liquefy.    Tlie  liquid  boils  at  -  186°. 


Chemical  PropertUa.  —  Fluorine  unites  with  every  element, 
inlh  the  exception  of  osygen  and  the  members  of  the  helium  family, 
and  in  many  cases  does  so  with  such  vigor  that  the  union  begins 
spontaneou^y  without  the  assistance  of  external  heat.  Dry  plati- 
num and  gold  are  the  elements  least  affected.  It  explodes  with 
hydrogen  at  the  ordinary  temperature,  without  the  assistance  of 
i^t.     Fluorine  displaces  oxygen  from  water  instantaneously 
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and  gives  ozone  {q.v.).  On  the  introduction  of  a  drop  of  water 
into  a  tube  of  fluorine,  the  vessel  is  filled  with  the  deep-blue  gas, 
3F,  +  3HjO  -^  3HjFa  +  0,. 

Fluorine  displaces  the  chlorine  in  hydrogen  chloride  as  eaoly  as 
chlorine  in  turn  displaces  bromine  or  iodine. 

Hydrogen  Fluoride  H^F,. 

rrepartUion.  —  Pure,  dry  hydrogen  fluoride  is  best  made  by 
heating  potassium-hydrogen  fluoride,  2KHF,  ?=fc  K^F,  -f  H^F,  f. 
For  ordinary  purposes,  however,  the  preparation  of  an  aqueous 
solution  is  the  ultimate  object.  Usually  powdered  calcium  fluoride 
is  treated  with  concentrated  sulphuric  acid,  and  the  mixture  HinfilH 
in  a  platinum  retort: 

CaFj  +  HjS04  ;^  CaSO^  +  HaFjt- 

The  hydrofluoric  acid  passes  over  and  is  caught  in  distilled  water. 
The  aqueous  solution  thus  obtained  has  to  be  kept  in  vessels  made 
of  lead,  rubber,  or  paraffin,  as  glass  interacts  with  the  acid  with  great 
rapidity  (see  below). 

Physical  I^roperHes.  —  Hydrogen  fluoride  is  a  colorless  liquid, 

boiling  at  19.4°.  It  mixes  freely  with  water,  and,  on  distillation,  an 
acid  of  constant  boiling-point  (120®  at  760  mm.)  containing  35  per 
cent  of  hydrogen  fluoride  is  obtained.  The  vapor  density  of  the 
hydrogen  fluoride  between  its  boiling-point  (19.4°)  and  3(y*  corres- 
ponds to  a  molecular  weight  of  40,  and  the  formula  should  therefore 
be  HjFj.  Above  this  temperature  the  vapor  becomes  gradually 
lighter  (p.  146)  and,  when  88°  is  reached,  the  molecular  wei^t  has 
fallen  to  20,  corresponding  to  the  formula  HF. 

Chemical  Properties  of  Hydrofl\ioric  Acid  HJF^f  Aq. — Metals 

like  zinc  and  magnesium  interact  with  hydrofluoric  acid  with  evolu- 
tion of  hydrogen.  The  action  is  less  violent  than  with  other  halogen 
acids.  The  acid  interacts  with  oxides  and  hydroxides,  forming 
fluorides.  The  chief  difference  in  this  respect  which  it  exhibits, 
when  compared  with  the  other  halogen  acids,  is  one  which  we  should 
expect  from  its  formula,  HjF,.  We  may  displace  either  one  or  both 
the  hydrogen  atoms  in  the  molecule  with  a  metal.  Thus,  one  of  the 
commonest  salts  of  hydrofluoric  acid  is  potassium-hydrogen  fluoride 
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KHFj  {q.v.)  mentioned  above.  In  this  respect  the  acid  resembles 
sulphuric  acid  and  other  acids  containing  more  than  one  replaceable 
hydrogen  unit.  Salts  in  which  a  portion  of  the  acid  hydrogen  still 
remuns  undisplaced  are  spoken  of  as  acid  aalM. 

The  most  remarkable  property  of  hydrofluoric  acid  depends  on 
the  great  tendency  which  fluorine  has  to  unite  with  silicon,  forming 
the  gaseous  silicon  t«trafluoride.  Glaaa  {q.v.)  is  a  mixture  of  silicates 
of  calcium  and  sodium,  and  13  rapidly  decomposed  by  hydrofluoric 

M      ftcid.     The  nature  of  the  change  is  shown  by  the  two  following 

H^uations: 

■  CaSiO,  +  3H,F,  —  SiF,  +  CaF,   +  3H,0, 

V  Na^iO,  +  3H,F,  -,  SiF,  +  Na,F,  +  3H,0. 

»  All  other  silicates  are  decomposed  according  to  the  same  plan.  ITie 
silicon  tetrafluorido  is  a  gas.  The  fluorides  of  calcium  and  sodium 
ore  solid  and  crumble  away  or  dissolve.  Thus  the  glass  ia  completely 
disintegrated.  The  vapor  of  hydrofluoric  acid,  generated  in  the  way 
described  aiwve  from  calcium  fluoride  in  a  lead  dish,  is  used  for 
etching  gla«9.  The  surface  of  the  glass  is  covered  with  parafBn  to 
protect  it  from  the  action  of  the  vapor,  and  with  a  sharp  instrument 
portions  of  this  paraffin  are  removed  where  the  etching  effect  is 
desired.    The  vapor  gives  a  rough  surface  where  it  encounters  the 

» glass.  The  aqueous  solution,  which  may  also  be  employed,  makes 
ftmooth  depressions  on  the  surface. 

The  Haloobnb  as  a  Family. 
It  may  be  useful  here  to  bring  together  some  of  the  facts  in  regard 
to  the  halogens  and  their  compounds  by  way  of  showing  more  clearly 
how  tar  they  resemble  one  another,  and  in  what  ways  they  differ. 
The  most  noticeable  fact  is  that,  if  wo  amnga  thsm  in  order  in  raapoot 
to  any  on«  propflrty,  chemical  or  physical,  the  other  propertlea  will 
b«  (oimd  to  place  tliam  in  the  unw  order.  Thus,  if  we  consider  (1) 
the  phj-sical  prcjperties,  we  find  that  the  color  deepens  as  we  pass 
from  fluorine  through  chlorine  and  bromine  to  iodine.  Tlie  specific 
gravities  of  the  elements  increase  in  the  same  order.  The  volatility 
of  the  elements  decreases  in  the  same  way  —  fluorine  being  the  hard- 
est to  liquefy,  while  iodine  is  a  solid  and  boils  at  a  fairly  high  tem- 
perature. (2)  In  their  chemical  behavior,  when,  for  example,  they 
unite  with  tlie  metals  and  hydrogen,  the  vigor  of  the  action  13  greatest 
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with  fluorine  and  diminishes  progressively  until  we  reach  iodiDe. 
We  shall  see  later  that  the  affinity  for  oxygen,  on  the  other  hand, 
increases  as  we  pass  from  fluorine  to  iodine. 

3.  The  relations  of  these  elements  in  combination  show  that  they 
are  all  univalent  in  respect  to  imion  with  hydrogen  and  metals.  In 
their  oxygen  compounds  (q.v.),  however,  they  frequently  exhibit  a 
higher  valence.  The  compounds  which  they  form  with  any  one 
element  are  usually  very  similar  to  one  another.  All  th^  com- 
pounds with  hydrogen,  for  example,  become  acids  when  dissolved  in 
water.  The  oxides  interact  with  water  to  give  acids,  and  the  halo- 
gens are  therefore  non-metals  (p.  82).  The  most  noticeable  lack 
of  harmony  in  this  group  is  observed  when  we  consider  the  solubili- 
ties of  the  corresponding  compounds.  Thus,  the  potassium  salts  are 
all  soluble  in  water.  Silver  chloride,  bromide,  anH  iodide  arelEdmost 
insoluble,  the  amount  dissolved  decreasing  in  that  order.  Silver 
fluoride,  however,  is  quite  soluble.  Calcium  chloride,  bromide,  and 
iodide  are  all  very  soluble,  while  calcium  fluoride  is  almost  completdy 
insoluble. 

It  will  be  noted  that  the  order  in  which  the  halogens  are  thus 
placed  by  consideration  of  most  of  their  properties  is  the  order  of 
increasing  atomic  weights  (see  Periodic  system). 

Compounds  of  the  Halogens  with  Each  Other. 

Iodine  unites  directly  with  chlorine  to  form  two  compounds.  The 
more  familiar  one  is  a  red  crystalline  substance,  iodine  monoehkridA 
ICl.  Another  compound,  ICI3,  is  made  by  the  use  of  excess  of 
chlorine.  Iodine  unites  with  bromine  to  form  the  compoimd  IBr, 
while  a  compound  with  fluorine,  to  which  the  composition  IFg  has 
been  assigned,  is  supposed  to  exist.  None  of  these  compoimds  are 
particularly  stable,  and  some  of  them  decompose  easily. 

Exercises.  —  1.  What  impurities  is  commercial  iodine  likdy  to 
contain?  In  what  way  does  heating  with  potassium  iodide  (p.  165) 
free  it  from  these? 

2.  Classify  all  the  chemical  actions  in  this  chapter  according  as 
they  belong  to  one  or  other  of  the  ten  kinds  (pp.  124,  163). 

3.  What  are  the  relative  volumes  of  the  gases  in  the  interaction 
of  chlorine  with  hydrogen  bromide  (p.  163),  and  hydrogen  iodide 
(p.  168),  respectively? 
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4.  Tabulate,  more  fully  and  specifically  than  is  done  in  the  section 
on  "  The  Halogens  as  a  Family/'  (a)  the  physical  properties,  (6)  the 
chemical  properties,  (c)  the  chemical  relations,  of  the  members  of 
this  group. 

5.  Construct  the  equation  on  p.  164  by  the  use  of  partial  equations 
as  in  the  example  on  p.  160. 

6.  What  are  the  relative  volumes  of  fluorine  and  ozone  in  the 
action  of  the  former  upon  water  (p.  170)? 

7.  What  relative  volumes  of  chlorine  and  iodine  vapor  must  be 
taken  to  make  the  two  chlorides  of  iodine  (p.  172),  respectively? 


CHAPTER  XV 
OHEMIOAL  XQX7ILIBBIUM 

In  spite  of  its  formidable  title,  this  chapter  will  introduce  nothing 
novel  Its  purpose  is  to  collect  together  and  organise  more  definitely 
a  number  of  scattered  facts  and  ideas  which  have  already  come  up  in 
various  connections.  On  this  account,  however,  it  will  be  all  the 
more  necessary  for  the  reader  to  refresh  his  remembrance  of  these 
factsand  ideas  byre-reading  all  pages  to  which  reference  maybe  made. 

Meversible  Actions.  —  In  discussing  the  union  of  hydrogen  and 

iodine  at  445^  (p.  166) ,  it  was  indicated  that  the  progress  of  the  action 
ceases  while  yet  a  large  amount  of  both  the  substances  necessary  tar 
its  maintenance  still  remains  available.  Now  the  materials  left  over 
are  presimiably  no  less  capable  of  uniting  than  the  parts  which  have 
already  imited.  The  solution  of  this  mystery  lies  in  the  fact  (p.  168) 
that  decomposition  of  the  compound  can  begin  at  180^,  and  therefore 
takes  place  actively  at  445°.  Hence  the  product  of  the  union  must 
begin  to  dissociate,  in  part  at  least,  as  soon  as  any  of  it  is  formed. 
Thus  two  changes,  one  of  which  undoes  the  work  of  the  other,  must 
go  on  simultaneously.  In  consequence  of  this,  neither  can  reach 
completion.  At  445°,  the  system  reaches  equilibrium  when  79  per 
cent  of  hydrogen  iodide  and  21  per  cent  of  the  free  components  are 
present.  As  we  should  expect,  experiment  shows  that  it  makes  no 
difference  whether  we  start  with  the  elements  or  with  the  compound: 
the  proportions  of  the  materials  found  in  the  tube,  after  it  has  been 
heated  for  a  sufficient  length  of  time,  are  in  both  cases  the  same.  A 
general  statement  may  be  founded  on  facts  like  this,  to  the  effect  that 
a  chemical  action  must  remain  more  or  less  incomplete  when  the  rererM 
action  also  takes  place  tmder  the  same  conditions.  Two  arrows  pointing 
in  opposite  directions  are  used  in  equations  representing  reversible 
changes:*  H,  +  I,  ?zi  2HI,  or  2HI  5=±  H,  +  Ij. 

*  The  reader  must  avoid  the  idea  that  a  reversible  action  is  one  which  goes 
to  completion,  and  then  runs  back  to  a  certain  extent.  This  conception  would 
be  contrary  to  the  fact,  and  inexplicable  by  the  kinetic  method. 

174 
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The  foregoing  example  of  a  reversible  action,  and  the  following 
examples  which  very  closely  resemble  it,  should  now  be  studied 
attentively  in  connection  with  the  discussion  (for  which  they  furnish 
the  basis)  in  this  and  the  following  sections:  (1)  The  interaction  of 
chlorine  and  water  (p.  115),  which  was  fully  discussed  at  the  time; 
(2)  The  behavior  of  phosphorus  pentachloride  vapor  (p.  146);  (3) 
The  behavior  of  water  vapor  (p.  81),  of  phosphorus  vapor  (p.  147), 
of  sulphur  vapor  (p.  146),  and  of  iodine  vapor  (p.  166). 

When  the  action  ia  one  which  is  reversible,  but,  under  the  circum- 
stances being  discussed,  proceeds  far  towards  completion  in  one 
direction,  the  arrow  will  be  modified  to  indicate  this  fact: 
CI,  +  H,0  tT  Ha  +  HCIO  (p.  115). 

When  this  relative  completeness  is  due  to  precipitation  or  volatili- 
zation, the  tact  may  be  indicated  by  vertical  arrows: 

NaC!      +  H^0<  ±5  NaHSO,  +  HCl  f  (p.  1 17). 
NaCU    +  HjSO. -5  NaHSO,  +  HCl     (p.  118). 

All  chemical  actions  do  not  belong  to  the  reversible,  incomplete 
dasa.  Many  proceed  uninterruptedly  to  exhaustion  of  one,  or  all, 
of  the  ingredienta.  For  example,  equivalent  amounts  of  magnesium 
and  oxygen  combine  completely,  2Mg  +  Oj  -t  2MgO.  Here,  how- 
ever, the  product  is  not  decomposed  even  at  the  white  heat  pro- 
duced by  the  vigor  of  the  union.  Indeed,  magnesium  oxide  cannot 
be  decomposed,  and  the  action  reversed,  at  any  temperature  we  can 
command.  The  other  complete  actiona  ue  ao  beeaoie  tbey  are  likewise 
imTaraibU. 

Kinetic  Explanation.  —  Restating  these  facts  in  terms  of  the 
kinetic  hypothesis  will  enable  us  to  reason  more  clearly  about  this 
variety  of  chemical  change.  Suppose  we  start  with  the  materials 
represented  on  one  side  of  such  on  equation,  say  the  free  hydrogen 
and  iodine  in  that  on  p.  174.  The  molecules  of  these  materials  will 
encounter  one  another  frequently  in  the  course  of  their  movements. 
In  a  certain  proportion  of  these  collisions  the  chemical  change  will 
take  place.  In  the  earliest  stages  there  wilt  be  few  of  the  new  kind 
of  molecules  (say  of  hydrogen  iodide),  but,  as  the  action  goes  on, 
these  will  increase  in  quantity.  There  will  be  two  consequences  of 
this.     In  the  first  place  the  parent  materials  will  diminish  in  amount, 

)  ooUiaons  between  thedr  molecules  will  become  fewer,  and  the 
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speed  of  the  forward  action  will  therefore  become  less  and  leas.  In 
the  second  place  the  increase  in  the  number  of  molecules  of  the 
products  will  result  in  more  frequent  coUisioiis  between  them,  in 
more  frequent  occurrence  of  the  chemical  change  which  they  can 
undergo,  and  thus  in  an  increase  in  the  speed  of  the  reverse  action. 
The  forward  action  begins  at  its  maximum  and  decreases  in  speed 
progressively;  the  reverse  action  begins  at  zero  and  increases  in 
speed.  Finally  the  two  speeds  must  become  equal,  and  at  that 
point  perceptible  change  in  the  condition  of  the  whole  must 
cease. 

The  most  immediate  inference  from  this  mode  of  viewing  the 
matter  is,  that  the  apparent  halt  in  the  progress  of  the  action  does 
not  indicate  any  cessation  of  either  chemical  change.  Both  changes 
must  go  on  in  consequence  of  the  continued  encounters  of  the  proper 
molecules.  But  since  the  two  changes  proceed  with  equal  speed  thev 
produce  no  alteration  in  the  mass  as  a  whole.  In  fact,  the  final  state 
is  one  of  equilibrium,  and  not  of  rest,  one  of  poise  and  not  of  repose. 
Hence,  chemical  changes  which  are  reversible  lead  to  that  condition 
of  seemingly  suspended  action  which  we  speak  of  as  fttMiiw^ni  eqalU- 
brinm.  The  changes  themselves  are  called  reYersibls,  or,  since  they 
arrive  at  a  state  of  balance  between  opposing  tendencies,  Hft*ii«**^ 
actiona. 

Chemical  Equilibrium  and  its  Characteristies.  —  The  de- 
tailed discussion  of  the  relations  of  liquid  and  vapor  (pp.  78,  90-92), 
and  of  saturated  solution  and  undissolved  solid  (pp.  101,  105-107), 
has  already  familiarized  us  with  the  term  equilibrium  and  its  signifi- 
cance. By  the  use  of  the  kinetic  hypothesis  we  can,  in  fact,  apply 
sets  of  the  ideas  elaborated  in  these  connections  to  the  discussion 
of  any  kind  of  reversible  phenomena. 

In  particular,  the  reader  ^vill  note  that  the  three  chameteristlai  oC  a 
Btate  of  equilibrium,  developed  and  illustrated  in  the  case  of  the  physi- 
cal equilibrium  between  a  liquid  and  its  vapor  (p.  91),  apply  also 
to  a  typical  case  of  chemical  equilibrium,  such  as  that  of  hydrogen 
and  iodine  before  us.    Thus: 

1.  There  are  the  two  oppoaing  tendenciea,  which  ultimately  balaiiM 
one  another.  Here  they  are  the  tendency  of  the  hydrogen  and  iodine 
to  produce  hydrogen  iodide,  and  the  tendency  of  the  hydrogen  iodide 
to  reproduce  the  elements  by  its  decomposition.    In  other  words 
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they  are  the  apparent  activity  of  the  hydrogen  and  iodine  interaction, 
and  the  apparent  activity  *  of  the  hydrogen  iodide  decomposition, 

2.  At  aquilibiium  the  two  opposiufi  tandencios  or  acUritlei  an  still 
In  tuU  operation,  although  their  effects  then  neutralize  one  another. 

3  (and  this  is  the  chief  mark  of  chemical,  as  it  is  of  physical 
equililiriiini)-  The  system  is  in  a  sensitive  state,  so  that  a  changa  In 
the  conditions  {temperature  and  pressure  or  roncentralion),  even  if 
slight,  produces  a  corresponding  change  in  the  state  o(  the  system,  and 
does  this  by  favoring  or  disfavoring  one  of  the  two  opposing  tendenciaa  or 
apparant  activitiea.  Such  a  change  is  called  a  displacement  of  the  equili- 
brium, for  the  system  settles  dorni  in  a  new  state  of  equiiibriura  corre- 
sponding to  the  changed  conditions.  Thus,  in  thepresent  instance,  a 
change  from  445°,  where  79  per  cent  of  the  hydrogen  and  iodine  are 
in  combination,  to  aome  other  temperature,  favors  one  or  other  of 
the  two  opposing  actions  {according  as  the  new  temperature  is  higher 
or  lower  than  before),  and  measurement  at  the  new  temperature 
showa  that  the  proportion  of  the  combined  to  the  free  material  has 
altered.  The  bytlrogen  iodide  equilibrium  ia  affected  by  changes  in 
concentration  also,  as  we  shall  presently  see  {pp.  179,  183). 

Now,  the  foregoing  facta  show  that  the  key  to  understanding  ap- 
parent chemical  activities,  their  magnitudes,  their  changes,  and  their 
practical  results,  rntul  lie  in  knowing  how  chamjes  in  the  condUuma 
affect  Iketn.  Hence,  to  the  chemist,  familiarity  with  the  inSuence  of 
conditions  on  chemical  phenomena  must  Ire  of  the  greatest  practical 

.portance.     We  thertJore  address  ourselves  to  the  discussion  of 

lis  subject. 

The  "  conditions  "  to  be  conadered  are  familiar,  —  temperature, 
and  concentration  or  pressure.  The  "  apparent  activity  of  an 
action  "  which  is  affected  by  these  conditions,  on  the  other  hand,  is 
0.  leas  eealy  specified  thing.  But,  in  caaes  of  equilibriura  at  least, 
it  is  accurately  measured  by  the  speed  with  which  the  action  pro- 
ceeds. Thus,  if  the  foregoing  section  be  reexamined,  it  will  be  seen 
that  we  spoke  throughout  of  the  speed,  rather  than  of  the  ten- 
dency or  activity.     So  that  when  we  require  to  consider  some- 

'  We  uae  the  term  apparent  activity  for  the  activity  as  we  see  it.  In  the 
■ame  Bctbn  it  varies  vith  the  conditiona.  The  Intdnalc  activity  or  afflnlt;,  on 
the  other  hand,  ia  the  absolute  activity  of  the  action  irrciprctii'e  o]  condition*. 
Ita  value  can  be  determined  only  tiy  eliminaUng  the  cITeet  of  conditioiu,  a 
matter  which  is  too  abstract  For  consideration  here.  The  apparent  activity 
ia  the  practical  tlung  which  wu  obaervo. 
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thing  more  definite  than  the  activity  we  shall  use  the  speed  of  the 
action. 

Finally,  temperature  and  other  conditions  influence  also  the  activi- 
ties in,  and  therefore  the  speeds  of,  those  actions  which  proceed  to 
completion,  and  are  not  reversible.  Hence,  unless  our  statements 
are  expressly  restricted  to  reversible  actions  and  to  states  of  equili- 
brium, they  apply  to  all  chemical  changes. 

The  Influence  of  Temperature.  —  The  activity  of  chemical 
change,  and  therefore  the  speed  of  all  chemical  changes,  is  increased 
by  raising  the  temperatiu^  and  diminished  by  lowering  it  (^.  p.  53). 
Thus,  zinc  displaces  hydrogen  more  rapidly  from  hot  than  from  cold 
hydrochloric  acid.  Different  actions  are  affected  in  different  de- 
grees, and  no  simple  rule  accurately  defining  the  effect  can  be  given. 
Roughly  speaking,  however,  a  rise  of  10^  doubles  the  speed  of  eveiy 
action. 

In  a  reversible  change  the  two  opposing  actions  are  different 
actions  and  their  speeds  are  therefore  affected  in  different  degrees  by 
the  same  alteration  in  temperatiu^.  Hence,  when  the  temperature 
is  changed,  the  relative  amount  of  the  two  sets  of  materials  present 
is  altered  and  the  equilibrium  is  displaced.  The  displacements  of 
the  equilibrium  by  raising  or  lowering  the  temperature  were  men- 
tioned in  the  description  of  each  of  the  actions  in  the  reference  list 
in  the  first  section  of  this  chapter.  Thus,  when  phosphorus  penta- 
chloride  is  heated  (p.  146),  the  vapor  is  a  mixture  of  the  pentachloride 
with  the  trichloride  and  free  chlorine:  PCIg  ^  PCI,  +  CI,.  At  200^, 
51.5  per  cent  of  the  material  is  present  as  pentachloride  and  48.5 
per  cent  as  trichloride  and  chlorine.  Raising  the  temperature  to 
250^  changes  the  proportions  to  20  per  cent  and  80  per  cent,  respec- 
tively. At  300°  only  3  j>er  cent  of  the  pentachloride  remains. 
Evidently,  here,  raising  the  temperature  favors  the  decomposition  of 
the  pentachloride,  and  therefore  increases  the  speed  of  its  dissocia- 
tion more  than  it  docs  the  speed  of  the  re-union  of  the  trichloride 
and  chlorine. 

Tlie  Influetice  of  Concentration.  —  Leaving,  now,  the  tempera- 
ture out  of  consideration,  or  considering  it  to  be  constant,  we  take 
up  the  influence  of  concentration  upon  apparent  activity.  We  have 
seen  (p.  1 75)  that  the  speed  of  a  chemical  change  is  determined  by 
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the  frequency  with  which  the  nioiecules  of  the  neceaaary  substances 
encounter  one  another.  The  frequency  of  the  encounters  amongst 
a  given  set  of  molecules,  resulting  in  a  definite  chemical  change,  will 
ill  turn  evidently  depend  entirely  upon  the  degree  to  which  the  mole- 
cules are  concentrated  in  each  other's  neighborhood.  Larger 
amounts  of  one  of  the  materials,  for  example,  will  not  result  in  more 
rapid  chemical  action,  if  the  larger  amount  of  material  is  also  scat- 
tered through  a  larger  space.  Chemical  changes,  therefore,  are  not 
accelerated  by  increasing  the  mere  quantity  of  any  ingredient,  but 
only  by  increasing  the  conc«iibatlon  of  lt«  maleeulaa.  Thus,  a  large 
amount  of  hydrochloric  acid  with  a  piece  of  zinc  will  generate  hydro- 
gen no  faster  than  a  smaller  amount.  But  substitution  of  more  con- 
centrated acid  will  instantly  increase  the  speed  of  the  action.  In 
the  second  ease,  the  number  of  molecules  of  the  acid  reaching  the 
zinc  per  second  is  greater,  and  this  action,  being  non-reveraible, 
proceeds  more  rapidly  to  complete  consmnption  of  the  zinc.  With 
a  revennble  action  the  effect  on  the  speed  is  the  same,  excepting  that 
the  continued  activity  of  the  reverse  action  prevents  the  tlirect  one 
from  reaching  completion.  Thus,  if,  in  the  action  of  hydrogen  upon 
iodine,  we  introduce  into  Ike  same  space  an  extra  amount  of  hydrogen, 
this  facUitates  the  formation  of  hydrogen  iodide  by  increasing  the 
poasibihties  of  encounter  between  hydrogen  and  iodine.  At  the 
same  time  it  does  not  affect  [rf.  p.  60)  the  numljer  of  encounters  in 
a  given  time  of  hydrogen  iodide  molecules  with  one  another  which 
result  in  the  reverse  transformation.  The  proportion  of  hydrogen 
iodide  formed,  therefore,  from  a  given  amount  of  iodine  will  be 
greater,  although  the  total  possible  (by  complete  consumption  of 
the  materials)  has  not  been  altered,  since  the  quantity  of  one  ingre- 
dient only  haa  been  increased.  The  introduction  of  an  excess  of 
iodine  would  have  had  precisely  the  same  effect. 

It  is  easy  to  illuatrate  this  experimentally.  If  ferric  chloride 
and  ammonium  thiocyanate  are  mixed  in  aqueous  solution,  a  hquid 
containing  the  soluble,  blood-red  ferric  thiocyanate  is  produced.  The 
compound  radicals  are  (NH,)  and  (CNS),  and  the  action  is  a  simple 

tible  decomposition: 
FeCI,  +  3NH«CNS  ^  Fe(CNS),  +  3NH,CI. 
e  action  is  a  reversible  one,  and  the  mixture  is  homogeneous,  i.e. 
there  is  no  precipitation.     Now,  if  the  two  just-numed  suits  are 
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mixed  in  very  dilute  solution  in  the  proportions  required  by  the 
equation,  say  by  adding  20  c.c.  of  a  decinormal  solution  (p.  99)  of 
each  salt  to  several  liters  of  water,  a  pale-reddish  solution  is  obtained. 
When  this  is  divided  into  four  parts,  and  one  is  kept  for  reference, 
the  addition  of  a  little  of  a  concentrated  solution  of  ferric  chloride 
to  one  jar,  and  of  ammonium  thiocyanate  to  another,  will  be  found 
to  deepen  the  color  by  producing  more  of  the  ferric  thiocyanate.  On 
the  other  hand,  mixing  a  few  drops  of  concentrated  anunonium 
chloride  solution  with  the  fourth  portion  will  be  found  to  remove 
the  color  almost  entirely,  on  account  of  its  influence  in  accelerating 
the  backward  change. 

The  general  principle  discussed  and  illustrated  in  this  section  may 
be  called  the  law  of  molecular  concentration,  and  may  be  stated  as 
follows:  In  every  chemical  change  the  apparent  activity,  and  thantea 
the  speed  of  the  action,  at  any  moment,  ia  proportional  to  the  **^HiffiK 
concentration  for  the  time  being  of  each  interacting  aobatance.  This 
holds  whether  the  action  is  reversible  or  not. 

We  shall  next  give  a  more  precise,  semi-mathematical  formulation 
of  this  law,  as  this  formulation  will  be  of  use  later,*  and  then  proceed 
to  iUustrate  the  application  of  the  law,  by  showing  how  it  explains 
large  classes  of  actions  of  which  we  have  already  encountered  many 
examples. 

*JForm^ilation  of  the  Law  of  Molecular  ConcentraUan. — The 

mathematical  formulation  of  the  law  describing  the  influence  of  the 
concentration  of  the  molecules  of  each  participating  substance  upon 
the  speed  of  the  action,  and  therefore  upon  the  apparent  activity 
of  the  action,  is  extremely  simple.  When  the  actual  concentrations 
of  the  molecules  are  specified  (in  moles  (pp.  99,  129)  per  liter),  and 
the  speed  is  suitably  expressed  (in  moles  transformed  per  minute  or 
per  hour),  we  find  that  the  speed  is  proportional  to  the  concentration 
of  each  molecule  appearing  in  the  molecular  equation  for  the  action. 
Thus  in  the  interaction  of  hydrogen  and  iodine,  if  [HJ  and  [I,]  repre- 
sent the  concentrations  of  the  molecules  IL  and  I„  and  A;  is  a  con- 
stant, and  S  is  the  speed,  then: 

[Hj]  X  [IJ  X  fc  =  S. 

♦  This  mathematical  formulation  of  the  law  is  not  required,  or  referred 
to  in  the  sections  wliich  follow.  The  section  may  therefore  be  omitted  for 
the  present  and  taken  up  in  connection  with  Chap,  xzxiv. 
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Again,  for  the  dtssociation  of  phoephorua  pentachloride  v&por  into 
phosphorus  trichloride  and  chlorine  (p.  1 46) :  PCIj  — •  PClj  +  CI,,  if 
[PCI,]  represent  the  concentration  of  the  PC1»  molecules,  A,  ia  a  con- 

Htatant,  and  S,  is  the  speed  of  decomposition: 

H^  fPCI,]  Xk,=  S,. 

^Knilarly,  for  the  reverse  action:  PCI,  +  CI,  -*  PCU,  if  [PCI,]  and 
^H3j]  stand  for  the  molecular  concentrations  of  these  subBtancea: 
^  [PCUl  X  [Cl,l  X  fc,  =  Sr 

The  constant  has  a  different  value  in  each  separate  action.  It 
includes  the  value  of  the  intrinsic  affinity  or  activity  of  the  sub- 
stances, and  the  catalytic  effect  (p.  54),  if  any,  of  the  c 


The  foregoing  plan  may  be  used  further  to  formulate  tha  Gonditkni 
lor  chemic&l  «qaUlbriiun.  As  we  have  seen  (p.  176),  a  characteristic 
of  a  system  in  chemical  equilibrium  is  that  the  apparent  activities  of 
the  opposing  actions  balance  one  another,  and  therefore  the  speeds 
of  the  forward  and  reverse  actions  have  become  equal.  If,  then, 
[PCl,]Bqm  ,  [PCljJeqra  ,  and  [Cl,]egn,.  DOW  represent  the  molecular  con- 
centrations when  the  system  has  reached  equilibrium,  then,  since 
the  speeds  are  equal : 

►  [Pa,]«,™.  X  [ci,u„  X  fc,  =  [PCi,u„.  X  k, 

[PCl.k.X[Cl,],._^_.,^^^,^, 

In  words,  this  means  that  it  we  change  the  amount  of  the  penta- 
chloride placed  in  the  vessel,  or  if  we  use  amounts  of  chlorine  and 
trichloride  which  are  not  equivalent,  the  numerical  value  at  equili- 
brium of  each  concentration  ([PCI,]  etc.)  will,  of  course,  be  different, 
but  the  product  of  the  concentrations  of  trichloride  and  chlorine, 
divided  by  the  concentration  of  the  pentachloride,  will  always  gjve 
the  same  numerical  value  for  the  constant  at  the  same  temperature. 
This  numerical  value  is  called  the  equlllbrliim  couatant. 

AppHcatimts !    The  Forward  Action,    Hoittogentoun   and 

Tnhomooeneow  Syatemt. —  While  there  are  all  degrees  of  speed 

in  chemical  actions,  yet  in  practice  we  quickly  distinguish  two  differ- 

^not  classes.     There  is  a  class  of  actions  of  which  most  examples  are 

^Hmost  instantftneously  accomplished,  and  a  class  in  which,  fre- 
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quently,  the  operation  takes  minutes  or  even  hours.  The  classes 
overlap,  but,  in  a  general  way,  the  following  distinction  may  be 
made. 

To  the  former,  speedy  class  belong  the  explosion  of  hydrogen  and 
oxygen  or  other  gaseous  mixtures,  and  the  interactions  when  solu- 
tions are  mixed,  as  in  precipitations.  In  view  of  the  foregoing 
explanations,  we  perceive  that  the  rapid  aocomplialmient  of  sudi 
actions  is  due.  not  so  much  to  any  especially  great  intrinsic  aflSnity,  as 
to  the  homogeneous  state  of  mixture  of  the  interactinir  materials.  This, 
of  course,  is  a  purely  physical,  and  not  a  chemical  motive  for  speedy 
interaction.  In  intimate  mixtures,  every  molecule  has  an  equal 
opportunity  freely  to  encounter  every  other  molecule  and  there  is 
therefore  no  mechanical  impediment  to  the  operation  of  the  Affinitifts 
of  the  substances.    Hence  the  apparent  activity  is  great. 

To  the  second  class,  comprising  the  slower  actions,  belong  cases 
like  the  interaction  of  a  piece  of  zinc  with  hydrochloric  acid,  or  of 
manganese  dioxide  (p.  Ill)  with  the  same  acid,  whereby  hydrogen 
and  chlorine,  respectively,  are  slowly  evolved,  and  the  solid  is  grad- 
ually consumed.  Here  the  hindrance  is  evidently  the  fact  that  the 
interacting  substances  are  not  intimately  mixed.  Za  the  slow 
actions,  the  system  is  inhomogeneous.  Pulverizing  the  solid  before  use 
will  increase  the  speed,  indeed,  but  will  not  transfer  the  action  to 
the  rapid  class.  It  is  chiefly  the  dissolved  part  of  the  substance  which 
interacts,  for  chemical  action  takes  place  between  molecules,  and 
only  the  dissolved  part  is  disintegrated  in  such  a  way  that  the 
molecules  are  readily  accessible.  Thus,  the  action  is  held  back  by 
continual  waiting  for  the  slow  replenishment,  from  the  "  insoluble  " 
solid,  of  the  supply  of  dissolved  molecules.  In  the  cases  cited,  the 
restraining  influence  of  the  dissolving  process,  which  is  part  of  the 
whole  phenomenon,  may  be  formulated  thus: 

Zn  (solid)  ?=5  Zn(dslvd)  +  2HC1  ->  ZnCL  -I-  H,. 
MnO, (solid)  "=;  Mn02(dslvd)  +  4HG1  ->  MnCl,  -f  2H,0  -f  d,. 

Here,  again,  the  mechanical  details,  depending  on  physical  proper- 
ties, have  more  to  do  with  the  progress  of  the  action  than  has  the 
chemical  affinity.  In  terms  of  the  law  of  concentration,  the  action 
is  slow,  and  the  apparent  activity  small,  because  the  concentration 
of  the  acting  molecules  of  one  of  the  substances  is  ver>'  small,  and 
cannot  be  increased  because  of  low  solubility  (c/.  p.  162,  first  line). 
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ApptieationB  i  The  Revenue  AetUm,  Displacement  of  Equili- 
bria. —  We  havejust  aeen  (p.  179)  that  one  way  in  which  a  reversible 
action  may  be  forced  nearer  to  completion,  in  one  direction  or  the 
other,  is  the  introduction  of  an  excess  of  one  of  the  ingredients  con- 
tributing to  the  forward  action.  This  method  of  displacing  the 
equilibrium  point,  however,  cannot  be  ver\-  effective,  unless  it  is 
possible  to  introduce  an  exceedingly  large  excess  of  the  selected 
ingredient  in  a  high  degree  of  molecular  concentration,  since  this 
operation  does  not  in  an;/  wai/  effect  or,  in  jxtrticulaT,  restrain  the 
rfi-crsc  aclion  which  is  continually  undoing  the  woi'k  fif  the  forward 
one.  A  much  more  effective  means  o(  furthering  the  desired  direction 
ol  such  utions  is  found,  therefore,  in  the  restraint  or  practical  annulment 
of  tha  roverBB  action.  k  good  waj'  of  acctimpliphiiig  tliis  in  lo  allow 
the  prodncts  of  the  direct  action  to  separate  into  an  inhomogeneous 
mixture.  .\ny  agency  which  could  remove  the  free  iodine  vapor  as 
fast  OS  it  was  formed  in  the  decomposition  of  hydrogen  iodide,  for 
example,  would  entirely  atop  the  reproduction  of  the  compound,  and 
so  would  enable  the  dissociation  (2HI  — ♦  H,  -f  I,)  to  run  to  com- 
pletion. 

This  might  be  realized  by  causing  one  end  of  a  sealed  tube  charged 
with  hydrogen  and  iodine,  after  the  contents  had  settled  down  to  a 
condition  of  equilibrium,  to  project 
from  the  bath  in  which  the  whole 
had  been  kept  at  445°  (Fig.  49, 
which  is  simply  diagrammatic).  By 
cooling  this  end,  a  large  part  of  the 
21  per  cent  of  free  iodine  would 
quickly  be  condensed  in  it  to  the 
si)lid  form,  while  the  hydrogen 
would  remain  gaseous.  In  other  words  the  concentration  of  the 
free  iodine  would  l)e  greatly  reduced.  In  fact,  only  the  trace  of 
vapor  which  cold  iodine  gives  would  then  be  available  to  interact 
B-ith  the  hydrogen,  and  reproduce  hydrogen  iodide.  i^Ieanwhile  the 
decomposition  of  the  latter  would  go  on,  and  thus,  eventually,  almost 
ail  the  iodine  would  be  found  free  in  one  end  of  the  tube,  and  the 
hydrogen,  all  free  likewise,  would  occupy  the  rest.  By  this  purely 
mechanical  adjustment  the  chemical  change  would  therefore  be 
carried  from  21  per  cent  completion  to  almost  absolul*  compleUon: 
"^  2HI  fa  H,  +  I,(vapor)  fa  I,(8olid). 
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If,  on  the  other  hand,  arrangements  were  made  to  have  powdered 
marble,  in  a  sealed  bulb  of  thin  ^ass,  inclosed  in  the  tube,  we  might 
imagine  the  very  opposite  effect  of  the  above  to  be  produced.  Hie 
breaking  of  the  bulb  of  marble,  when  equilibrium  had  been  reached, 
would  pro\nde  means  for  the  removal  of  all  the  hydrogen  iodide,* 
while  the  hydrogen  and  iodine  would  still  be  gaseous.  Thus,  the 
compound  (HI)  ha\*ing  been  reduced  in  concentration  to  the  point 
of  being  removed  entirely,  there  would  be  no  reverse  action  to  com- 
pensate for  the  union  of  the  elements.  The  whole  material  would, 
therefore,  soon  have  passed  through  the  form  HL  Hence,  br 
another  mechanical  arrangement,  an  action  which  ordinarily  could 
progress  to  only  79  per  cent  would  be  turned  into  a  complete  one: 
H,  +  L±=5  2HI  (4-  CaCO,->CaI,  +  H,0  +  CO^. 

In  ever}'-day  chemical  work,  since  our  object  is  usually  to  prepare 
some  one  substance,  chemists  either  avoid  chemical  changes  which 
are  notably  reversible,  or  adjust  the  conditions,  as  is  done  in  the 
foregoing  illustrations,  so  that  the  reverse  of  the  action  which  the>' 
desire  is  prevented.  In  consequence  of  this,  when  carrying  out  the 
directions  for  making  familiar  preparations,  the  fact  that  such  actions 
are  reversible  at  all  ver}^  readily  escapes  our  notice.  Arranging 
the  conditions  so  that  the  separation  of  a  solid  body  by  pre- 
cipitation, or  the  liberation  of  a  gas,  takes  place,  are  the  two  com- 
monest ways  of  rendering  a  reversible  action  complete.  Elxcellent 
examples  of  both  of  these  are  furnished  by  the  chemical  change 
used  in  producing  hydrogen  chloride  by  the  inter-action  of  salt  and 
sulphuric  acid,  the  full  discussion  of  which  (p.  118)  should  now  be 
studied  attentively  in  the  light  of  these  explanations  (p.  24,  footnote). 

The  reader  will  find  in  Brin's  process  (p.  46),  where  the  concen- 
tration of  the  oxygen  is  changed  by  the  use  of  pumps,  another 
exemplification  of  the  principles  explained  in  this  chapter.  The 
behavior  of  hydrates  (p.  83)  furnishes  a  whole  class  of  illustrations. 

Exercisen.  —  1.    Explain  the  completeness  of  the  action  by 

which  hydrogen  chloride  and  water,  respectively,  are  formed  by 
direct  union  of  the  elements. 

•  The  hydrogen  iodide  would  be  destroyed  by  int<?raction  with  the  marble: 

2HI  -f  CaCO,  ->  Cal,  4-  CO,  +  ILO. 
The  calcium  iodide  is  a  solid.    The  two  gases,  carbon  dioxide  and  water  vapor, 
aro  here  assumed  not  to  interact  with  hydrogen  or  with  iodine,  and  would 
not,  therefore,  interfere  with  the  formation  of  fresh  hydrogen  iodide. 
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2.  Explain  the  completeness  of  the  action  by  which  silver  chloride 
(p.  8)  is  formed. 

3.  Ekplain  why  the  decomposition  of  potassium  chlorate  is 
complete. 

4.  In  view  of  the  statement  on  p.  45,  explain  why  mercuric  oxide 
is  completely  decomposed  by  heating.  Point  out  the  resemblance 
between  this  experiment  and  the  imaginary  one  illustrated  in  Fig. 
49  (p.  183). 

5.  Why  can  magnetic  oxide  of  iron  be  reduced  completely  by  a 
stream  of  hydrogen  (p.  75),  and  iron  oxidized  completely  by  a 
current  of  steam  (p.  67)? 

6.  What  actions  in  Chap,  xiv  are  complete  for  the  same  reason 
that  the  action  of  sulphuric  acid  on  salt  (pp.  161,  167,  170)  is  so? 

7.  With  the  phosphorus  pentachloride  system,  say  at  250°,  what 
effect  would  suddenly  enlarging  the  space  containing  a  given  amount 
of  the  vapor  produce?  What  would  be  the  effect  of  diminishing  the 
space?  What  would  be  the  effect  of  introducing  additional  chlorine 
into  the  same  space  (p.  179)? 

8.  By  what  practical  means  could  the  degree  of  dissociation  of 
sulphur  vapor  (Ss)  be  reduced,  without  changing  the  temperature 
(p.  146)? 


CHAPTER  XVI 

OXIDES  AND   OXYGEN  A0ID8  OF  THE   HALOOKHB 

The  chief  subjects  of  practical  importance  touched  upon  in  tiiis 
chapter  are  connected  with  bleaching  powder  (CaCl(OCl)),  and  potas- 
sium chlorate  (KCIO,)  and  perchlorate  (KCIO4).  Hence  our  attri- 
tion will  be  largely  directed  to  the  modes  of  making  these  substances 
and  to  their  relations  to  one  another.  Incidentally,  we  shall  encoun- 
ter many  actions  of  a  complex  and,  to  us,  more  or  less  novel  kind. 

Compounds  of  Chlorine  Containing  Oxygen, — The  following 

are  the  names  and  formuke  of  the  substances: 

HCIO  Hypochlorous  acid,             CI3O  Hypochlorous  anhydride, 
[HCIOJ  Chlorous  acid,  


CIO2  Chlorine  dioxide, 


HCIO3  Chloric  acid,  

HCIO4  Perchloric  acid,  CI3O7  Perchloric  anhydride. 

There  are  also  compounds  of  metals  with  the  negative  radicals  of 
these  acids.  Of  this  nature  are  the  three  substances  mentioned  in 
the  first  paragraph.  Chlorous  acid  is  itself  unknown,  but  potassium 
chlorite  (KClOj)  and  some  other  derivatives  have  been  made. 

The  two  anhydrides  (p.  51),  when  brought  into  contact  with 
water,  combine  with  it  to  form  the  acids  opposite  which  they  stand 
in  the  table.  Chlorine  dioxide  (^.v.),  however,  is  not  related  to  any 
one  acid  in  this  wav. 

All  these  compounds  differ  from  most  that  we  have  hitherto  dis- 
cussed, inasmuch  as  not  one  of  them  can  be  made  by  direct  union  of 
the  simple  substances. 

Nomenclature  of  Acids  ami  Salts*  —  When  several  compounds 
closely  related  in  composition,  like  the  above  acids,  are  known,  a 
systematic  method  of  naming  them  is  used.  The  terminations  -oim 
and  -ic  indicate  smaller  and  larger  proportions  of  oxygen  respectively 
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{cf.  p.  51).  For  compounds  below  or  above  those  two  in  their 
degree  of  oxidation,  the  prefixes  Af/po-  aod  per-  are  employed. 

When  the  negative  radicals  (p.  64)  of  the  acids  are  combined 
with  metals,  the  compounds  ore  spoken  of  as  salts  o[  the  respective 
tcids.  Thus,  KCIO,  is  described  as  the  potassium  salt  of  chloric 
acid.  The  specific  names  for  these  salta  are  distinguished  by  tei^ 
minations  corresponding  to  those  of  the  acids: 

KCIO   Potassium  hypochJorite,       HCIO   Hypochlorous  acid, 
KCIO,  Potassium  chlorite,  HCIO,  Chlorous  acid, 

KCIO,  Potassium  chlorate,  HCIO,  Chloric  acid, 

KCIO,  Potassium  perchlorate.         HCIO,  Perchloric  acid. 

The  termination  -ite  corresponds  to  -ous,  -ale  to  -ic.  This  principle 
is  applied  aystematicaliy,  so  that  the  salts  of  sulphuric  and  sulphur- 
ous acids,  for  example,  are  called  sulphates  and  sulphites  respectively 
W-  P-  71). 

Compounds  containing  two  elements  only  receive  the  termina- 
tion -ide.    Thus,  KCL  is  potassium  chloride,  FeS  is  ferrous  sulphide. 

Salts  and  Dottbte  Deenmpo»ltlon.  —  We  have  just  been  using 
the  word  sail  in  a  general  sense  Iff.  p.  157).  It  is  the  class  name  for 
a  set  of  substances  which  includea  common  salt  or  sodium  chloride 
(NaCl),  potassium  nitrate  (KNO,),  sodium  sulphate  (Na^O,),  silver 
chloride  (.\gCl),  potassium  chlorate  (KCIO,),  etc.  The  majority  of 
the  substances  used  in  elementary  chemistry  belong  to  this  claas. 
They  receive  the  name  because  in  cert^n  important  chemical  reapects 
Oiey  behave  like  common  salt.  For  example,  when  sodium  chloride 
was  treated  with  sulphuric  acid  (p.  1 17)  or  phosphoric  acid  (p.  1 18), 
an  exchange  of  radicals  took  placp.  An  action  of  the  same  type  waa 
that  of  sodium  chloride  and  silver  nitrate  in  aqueous  solution  (p.  8). 
Here  we  have  two  salts  interacting,  instead  of  an  acid  and  a  salt, 
and  the  interchange  of  radicals  is  exactly  similar: 

NaCl  +  H,(S0.)j:iNftH(SOJ  +  HClt 
NaCl  +  AgNO,    !=y  NaNO,  +  AgCI  J. 

Now  ulu  in  KeD«nl  behave  in  these  respocta  in  the  same  way  as 

does  commoti  salt.    They  intwact  with  acids  or  other  salta,  particulariy 

solution,  in  such  a  way  that  ta  axcbanss  of  radioala  t«kaa  plau.    In 

le  first  case,  a  salt  and  an  acid,  and  in  the  soconil  case  two  salts, 
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are  produced.  These  aetiona  are  all  revenlble.  Acids  differ  thus 
from  salts  only  in  the  fact  that  one  of  their  radicals  is  h3rdrogaL 
Hence  they  are  frequently  called  hydrogen  chloride,  hydrogen  sul- 
phate (H2SO4),  and  so  forth.  It  may  be  added  that  bases  (p.  81), 
like  potassium  hydroxide  (KOH),  interact  reversibly  with  salts  and 
acids,  exchanging  radicals  after  the  same  fashion  (e.g.  pp.  123, 
189,  191). 

All  salts  are  named  according  to  the  radicals  which  they  contain. 
Thus,  all  containing  SO4  are  sulphates.  Converaelyi  wh^i  the  name 
of  a  salt  is  given,  the  formula  can  be  written  down  at  once.  In  doing 
this,  however,  regard  must  be  had  to  the  valence  of  the  radicals 
(p.  70). 

In  view  of  the  reversibility  of  most  of  the  interactions  of  salts, 
acids,  and  bases,  we  encounter  completed  changes  chiefly  when  pre- 
cipitation occurs,  or  when  one  product  is  volatile  (p.  184).  If  neither 
of  the  products  formed  by  the  exchange  of  radicals  is  insoluble,  the 
reversibility  of  the  action  prevents  our  obtaining  anything  but  a 
mixture.  Only  those  double  decompositions  which  involve  more  or 
less  insoluble  or  volatile  substances  are  thus  of  use  for  preparing 
salts.  The  action  of  sodium  chloride  on  silver  nitrate  is  an  example. 
The  silver  chloride  is  almost  completely  insoluble,  while  the  sodium 
nitrate  produced  by  the  change  remains  dissolved.  By  filtration  we 
obtain  the  silver  chloride  as  a  powder,  while  the  evaporation  of  the 
filtrate  gives  us  the  soluble  product.  This  sort  of  action  can  be  used, 
tiierefore,  either  for  the  preparation  of  a  soluble  or  an  inaoluble  tabstanee. 
If  the  problem  is  to  make  a  soluble  product,  then  we  must  arrange  an 
action  between  two  substances,  each  containing  one  of  the  two 
required  radicals,  and  possessing  two  other  radicals,  which,  when 
united,  give  an  insoluble  body.  This  plan  is  illustrated  frequently 
in  what  follows  {eg,  pp.  105,  197). 

Prejm ration  ami  I*roperti€8of  Hypochloriten.  —  Since  none 

of  the  acids  in  our  list  can  be  made  directly  from  their  elements, we 
generally  have  to  prepare,  first,  the  corresponding  salt.  From  the 
salt,  by  double  decomposition,  the  acid  is  then  secured.  Hence,  in 
each  case,  the  salts  will  be  discussed  first. 

Chlorine  interacts  slightly  with  water  (p.  115),  producing  small 
quantities  of  hydrogen  chloride  and  hypochlorous  acid  (equation  (I), 
below).     The  action  is  ver>'  strongly  reversible.     That  is  to  say,  since 
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the  last  two  substances  interact  very  vigorously  to  reproduce  chlorine 
and  water,  the  direct  uction  does  not  make  much  progress. 

When,  however,  some  substance  which  can  interact  with  one  or 
both  of  these  products  is  added  to  the  solution  of  chlorine,  or  when 
chlorine  gas  is  simply  passed  into  an  aqueous  solution  of  such  a 
substance,  displacement  of  the  equilibrium  point  at  once  occurs 
(p.  183).  Now  potassium  hydroxide  is  a  suitable  substance.  It 
interacts  almost  completely  in  solution  with  both  the  products  of 
this  action,  producing  potassium  chloride  (2)  and  potassium  hypo- 

Ilorit*  KOCl  (3),  according  to  the  last  two  of  the  following  equations: 
CI,       +  H,0   £5  HCl     +  HOC],  (1) 

HCl     +  KOH  —  KCI     +  H,0,  (2) 

HOCl  +  KOH  -.  KOCl  +  HjC*  (3) 

Thus,  omitting  the  water,  which  appears  both  among  products  and 
tial  substances  and  in  any  case  is  present  in  large  excess  6s  a 
solvent,  and  omitting  also  the  two  acids,  which  are  used  up  as 
quickly  as  they  are  produced  by  equation  (1)  and  are  not  amongst 
the  actual  products,  we  get,  by  addition  of  the  three  partial  equsUona 
.  159),  the  final  equation: 

CI,  +  2K0H  -*  KCI  +  KOCl  +  H,0. 

This  sort  of  action  does  not  pve  pure  potassium  hypochlorite,  but 
for  some  purposes  the  presence  of  potassium  chloride  in  the  solution 
is  not  objectionable. 

Bleachioff  powdsr,  CaCI(OCl),  is  manufactured  on  a  large  scale  by 
an  action  exactly  like  the  above.  The  neutralization*  of  a  molecule 
of  each  of  the  two  acids,  however,  can  be  accomplished  by  a  single 
molecule  of  slaked  lime  (calcium  hydroxide,  Ca(OH):),  since  the 
latter  contains  two  hydroxy!  (OH)  groups.  The  lime  can  be  applied, 
either  in  the  dry  form  or  mixed  with  some  water  as  a  paate.    The 

Iwparate  actions  and  final  equation  are  as  foUows: 
I  CI,  +    H.0     -5  HCl  +H0C1  (1) 

I  P   /0H+   HCl      ^f.„/a       ,  2H.O  (2) 


»thea 


a,   +c«(OH),--ciia(oa)+  h,o 


*  Tht  double  deoompfMJtion  of  poUuiuin  hydroxide,  or  any  other  baM, 

with    Miy   acid  to  produce  a  salt  and  water,  la  called  neutiaUsatian   (c/. 
p.  188). 
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Bleaching  powder  (q.v.)  is  a  salt  of  calcium  involving  two  different 
acid  radicals  (a  mixed  salt).  This  condition,  again,  does  not  inter- 
fere with  the  application  of  the  substance  commercially.  A  method 
of  obtaining  pure  hypochlorites,  however,  will  be  found  below. 

Three  chemical  properties  of  hypochloriteB  deserve  mention:  They 
change  into  chlorates  (q.v.)  when  heated.  They  may  also  give  off 
oxygen,  2CaCl(0Cl)  -►  2CaCl3  +  0,.  Althoug}i  this  decompomtion 
is  slow  in  cold  solutions  of  hypochlorites,  or  when  they  are  preserved 
in  the  dry  form,  it  may  be  hastened  by  means  of  catalytic  agents. 
The  addition  of  a  little  cobalt  hydroxide  (q.v.)  to  bleaching  powder 
solution  causes  rapid  evolution  of  oxygen.  Finally,  hypochlorites 
interact  with  acids  by  double  decomposition  (c/.  p.  187)  to  give 
hypochlorous  acid  (see  below).  It  is  for  the  purpose  of  getting  this 
acid,  which  is  a  powerful  bleaching  agent,  that  the  h3rpochlorites 
are  manufactured.  The  salts,  such  as  bleaching  powder,  can  be 
stored  and  transported  easily,  while  the  acid  itself  will  not  keep, 
except  when  largely  diluted,  and  it  consequently  cannot  be  handled 
conveniently. 

I^repartUion  of  Hypochioroua  Acid  :  HypocMarous  Anhy^ 
dride.  —  1.  The  common  method  of  obtaining  the  acid,  HOCl,  is  by 
double  decomposition,  using  a  hypochlorite  with  some  other  acid 
(p.  187).  When  only  a  mixture  of  a  chloride  and  a  hypochlorite, 
such  as  is  produced  by  the  action  of  chlorine  on  a  base  (p.  189),  is 
available,  we  have,  simultaneously,  the  two  reversible  actions: 

(KOCl  -f  HNOs  i=?  KNO,  +  HOCl, 
|KC1     -f  HNOj  ^  KNOs  -f  HCl. 

But  h^'pochlorous  acid  is  a  feeble  acid,  while  hydrochloric  acid  is  an 
active  one,  so  that  in  the  upper  action  the  reversing  tendency  is  ver>' 
slight,  while  in  the  lower  it  is  vigorous.  Hence,  by  adding  nitric 
acid,  in  amount  barely  sufficient  for  the  liberation  of  the  hypochlor- 
ous acid  alone,  and  doing  this  in  a  very  dilute  solution,  the  object  is 
attained.  The  potassium  chloride  is  hardly  affected.  By  gently 
warming  the  liquid  a  dilute  solution  of  hypochlorous  acid  can  be 
distilled  off. 

2.  When  chlorine  is  passed  into  water  holding  chalk  in  suspension, 
only  the  hydrochloric  acid,  produced  by  the  interaction  of  the  chlo- 
rine and  water  (equation  1,  p.  189),  acts  upon  the  chalk.     The 
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hypochlorous  acid  is  too  feeble  to  interact  and  can  be  obtained  by 
subsequent  distillation: 

2Cla  +  CaCO,  +  HjO  ->  CaCl,  +  COjf  +  2H0a. 

3.   A  third  method  is  by  addition  of  water  to  the  anhydride. 

The  anhydride  of  hypochloronB  «cid  (clilorine  monoxide  CI3O)  may 
be  obtained  by  passing  chlorine  gas  over  precipitated  mercuric  oxide. 
Each  of  the  constituents  of  the  oxide  combines  with  chlorine: 

HgO  +  2CLj  -*  HgCl,  +  CljO. 

The  mercuric  chloride  then  imites  with  another  formula-weight  of  the 
mercuric  oxide  to  form  a  basic  mercuric  chloride  HgO^HgCl],  which 
remains  in  the  tube.  The  chlorine  monoxide  is  a  brownish-yellow 
gas.  When  slightly  warmed  it  decomposes  into  its  constituents 
with  explosion.  The  gas  dissolves  in  water  very  easily  (200  :  1, 
by  vol.).     Thd  yellow  solution  of  hypochlorous  acid  which  results: 

CljO  +  H,0  t=f  2H0a, 

has  a  strong  odor  of  chlorine  monoxide.  The  combination  is  rever- 
sible, and,  especially  when  the  liquid  is  warm,  a  little  of  the  gas 
escapes. 

I^roperties  of  Hypochlorous  Acid.  —  1.    Hypochlorous     acid 

*  cannot  be  made,  excepting  in  solution,  or  kept,  excepting  in  dilute 

solution.    This  is  in  consequence  of  its  tendency  to  decompose  in 

three  different  ways,  one  of  which,  the  liberation  of  the  anhydride, 

has  just  been  mentioned  (see  3  and  4  below). 

2.  As  an  acid  it  neutralizes  (p.  189)  active  bases,  giving  hypo- 
chlorites in  a  pure  condition:  NaOH  +  HCXJl  -*  NaOCl  +  HjO. 

3.  If  the  solution  is  concentrated,  much  of  the  hypochlorous  acid 
changes  gradually  into  chloric  acid  and  hydrogen  chloride.  This 
occurs  even  in  the  dark:  3H0C1  ->  HCIO,  +  2HC1. 

4.  When  the  solution  is  warmed,  but  more  especially  when  it  is 
exposed  to  sunlight,  oxygen  is  evolved  rapidly. 

2H0a  ->  2HC1  +  0,. 

This  decomposition  always  takes  place  in  sunlight,  whether  the  acid 
is  present  alone  in  the  water,  or  along  with  other  substances.  Hence, 
the  solution  of  chlorine  in  water  (pp.  115,  189),  which  contains  a 
small  amount  of  hypochlorous  acid,  on  being  exposed  to  bright 
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sunlight,  ^ves  off  bubbles  of  oxygen  rapidly.  This  deoompositioii, 
since  it  removes  one  of  the  interacting  substances  in  the  reverse 
action,  CI,  +  H3O  ^  HQ  +  HOCl,  enables  the  interaction  of  chlo- 
rine and  water  to  go  on  to  completion.  Consequently,  the  final 
liquid  contains  hydrochloric  acid  and  water.  Leaving  out  the 
intermediate  steps  again,  the  action  appears,  therefore,  to  be  simply 
a  decomposition  of  water  by  chlorine:  2C1,  +2H2O  — ►  4HCI  +  O,. 

5.  In  consequence  of  the  ease  with  which  it  gives  up  oxygen, 
hypochlorous  acid  is  a  strong  oxidizing  agent  (see  below). 

Hypochloraus  Acid  as  an  Oxidizing  Agent:  Sieaehing,^ 

Both  iodine  and  bromine  are  oxidized  by  hypochlorous  acid  (either  in 
pure  solution  or  in  the  form  of  chlorine  water,  equation  1,  p.  1 15),  the 
former  much  more  rapidly  than  the  latter,  2H0C1  +  I,  — ►  2H0I  + 
CIj.  Fiulher  oxidation  to  HIO3  occurs  immediately  (see  p.  196). 
Although  iodine  has  less  affinity  for  hydrogen  than  has  chlorine 
(p.  172),  this  action  shows  that  the  relation  towards  oxygen  is  just 
the  opposite.  Here  the  iodine  goes  into  combination  and  the 
chlorine  is  displaced. 

It  is  on  account  of  its  oxidizing  power  that  hypochlorous  acid  is 
used  commercially  in  bleaching.  It  is  not  applied  to  paints,  which 
are  chiefly  mineral  substances,  but  to  complex  compoimds  of  carbon, 
such  as  constitute  the  coloring  matters  of  plants  and  of  those  artifi- 
cial dyes  whose  manufacture  has  now  become  so  gigantic  an  industry. 
It  should  be  understood  that  the  great  majority  of  the  complex  com- 
pounds of  carbon  are  colorless.  Even  a  slight  chemical  change, 
affecting  only  one  or  two  of  the  atoms  in  a  complex  molecule,  is  thus 
almost  sure  to  give  a  colorless  or  much  less  strongly  colored  materiaL 
Indigo  (CiaHjoNjOj),  which  has  a  deep-blue  color,  is  an  example  of  a 
vegetable  dye  which  is  also  made  artificially.  Hypochlorous  acid 
oxidizes  it  to  isatin,  a  yellow  substance  relatively  pale  in  color: 

CieHioNA  +  2H0C1  -*  2C8H5NO,  +  2Ha. 

In  ways  just  as  definite  as  this,  hypochlorous  acid  will  change  the 
composition  of  other  colored  substances,  although,  since  we  do  not 
know  the  formula)  of  all  these  substances,  we  cannot  always  write 
equations  for  the  actions. 

On  account  of  the  hypochlorous  acid  which  is  already  present  in 
chlorine  water,  this  solution  is  a  very  efficient  bleaching  agent.  The 
removal  of  this  one  of  the  factors  in  the  reverse  action  (p.  183) 
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■enables  more  of  the  acids  to  be  produced  from  the  chlorine  and  water 
luntil  the  whole  of  the  halogen  has  been  consumed. 

rule,  bleaching:  is  actually  carried  out  by  liberating 
[bypochlorous  acid  from  bleaching  powder  by  means  of  sulphuric 
icid: 

,0a     h'  HOCll 

Ca;         +      ^  (SO,)  i=i  CaSO.  +  ti  H,0  +  CI,. 

Of  course,  temporarily,  most  of  the  hypocblorous  acid  interacts  with 
the  hydrochloric  acid  to  pve  chlorine  and  water,  but,  as  the  residual 
hypochloroua  acid  loses  its  oxygen,  the  secondary  action  is  again 
displaced  backwards  until  the  chlorine  is  all  used  up. 

The  yam  or  cloth  Is  first  cleansed  from  fatty  or  oily  material  by 
boiling  with  soap  solution.  It  is  then  immersed  in  bleaching  powder 
solution,  and  finally  in  dilute  sulphuric  acid.  Both  solutions  must 
be  very  weak  in  order  that  no  interaction  may  occur  with  the  fabric 
itself.  The  last  two  processes  may  be  repeated,  if  the  brownish  or 
yellowish  coloring  material  has  not  disappeared  after  the  first 
treatment. 

Hypochloroua  acid  can  be  used  to  bleach  linen  or  cotton,  because 
the  body  of  these  materials,  apart  from  the  small  amount  of  coloring 
matter,  is  composed  of  compounds  containing  nothing  but  carbon, 
hydrogen,  and  o.xygen.  These  compounds  are  very  slowly  a0ected 
by  bypochlorous  acid,  unless  too  strong  a  solution  is  used,  or  the 
exposure  to  its  influence  is  too  long.  That  chemical  action  does 
occur  is  shown  by  the  "  rotting  "  of  goods  which  have  not  been 
washed  thoroughly  after  bleaching.  Wool,  silk,  and  feathers,  on 
the  other  hand,  are  composed  largely  of  compounds  containing  nitro- 
gen in  addition  to  the  above  three  elements  (see  Dyeing).  Their 
constituent  material  Interacts  as  easily  with  bypochlorous  acid  aa 
do  the  traces  of  coloring  substances.  Hence,  since  the  fabric  itself 
IVould  be  attacked  by  this  agent,  different  means  of  bleaching  have 
to  be  used  for  materials  of  this  class. 

It  should  be  understood  that  a  cM  dilute  solution  of  hypochloroua 
acid  may  be  kept  almost  indefinitely  and  will  not  give  up  its  oxygen 
spontaneously.  The  transfer  takes  place  when,  and  only  when,  the 
acid  comes  in  contact  with  some  substance  capable  of  uniting  with 
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ExplafuUianof  the  Activity  of  Hypoehiaroua  Addas  an  Oqd^ 
dizing  Agent.  —  When  h3rpochlorous  acid  decompoees  into  hydro- 
chloric acid  and  oxygen,  much  heat  is  liberated  (equation  1,  bdow). 
The  acid,  therefore,  possesses  much  more  internal  energy  than  do 
hydrogen  chloride  and  free  oxygen.  On  this  account  it  brings  to  the 
task  of  oxidizing  any  substance  more  energy  than  does  oi^gjen  itself, 
and  is  therefore  more  efficient.  Thus,  free  oxygen  does  not  interact 
in  the  cold  with  indigo,  or  with  bromine  or  iodine  (see  above),  while 
hypochlorous  acid  oxidizes  them  rapidly.  The  heats  of  reaction 
show  the  difference  very  clearly.  In  equation  (2),  1800  cal.  is  the 
amount  of  heat  which  would  be  liberated  if  indigo  coidd  be  oxidised 
to  isatin  by  oxygen  gas.  When  hypochlorous  acid  is  used,  we 
obtain,  in  addition,  the  heat  of  decomposition  of  this  substance 
(equation  1),  so  that  the  total  heat  liberated  (equation  3),  20,400 
cal.,  is  ten  times  as  great  as  in  equation  (2)  where  free  oi^gen  is  the 
oxidizing  agent: 

2H0a  =  2Ha  (+  20)  +  18,600  caL  (1) 

C^eH^pNA  +  (20)  =  2C8H,N03  +  1800  cal. P) 

C,.H,oNA  +  2H0C1  =  2CaH,N0,  +  2HC1  +  20,400  caL        (3) 

By  similar  reasoning  we  explain  the  superiority  of  potassium  per- 
manganate over  free  oxygen  for  oxidizing  hydrochloric  acid  (p.  111). 
Substances  which  are  more  active  oxidizers  than  is  free  oxygen 
may  be  called  active  oxidizing  agents. 


Shnultaneous,  Indepetident  Chemical  Changes  in  the  Sat 
Substance.  —  As  we  have  seen,  hypochlorous  acid  undergoes  three 
different  changes.  Some  molecules  decompose  into  water  and  chlo- 
rine monoxide  (p.  191),  while  others  give  chloric  acid  and  hydrogen 
chloride,  and  still  others  hydrogen  chloride  and  oxygen.  Since  the 
same  molecide  cannot  undergo  more  than  one  of  these  diflfeient 
changes,  it  follows  that  the  actions  are  independent  of  one  another. 
Tliis  is  shown  by  the  fact  that  in  sunlight  the  third  predominates, 
while  in  the  dark  it  falls  far  behind  the  second.  Since  the  relative 
quantities  of  the  j)roducts  vsLvy,  the  several  simultaneous  actions 
cannot  be  put  in  the  same  equation.  The  fundamental  property  of 
an  equation  is  to  show  the  constant  proportions  by  weight  between 
ever}^  pair  of  substances  in  it.  Hence  three  separate  equations  are 
required  in  the  present,  and  in  all  similar  cases  where  all  the  propor- 
tions are  not  constant  (see  Perchlorates,  p.  196).    Succaasive  actions, 
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like  (1)  followed  by  (2)  in  the  next  section  (c/.  p.  189),  however,  may 
be  combined  in  one  equation,  since  in  them  all  the  proportions  must 
necessarily  be  constant.  These  equations  are  interlocked,  for  (2) 
consumes  what  (1)  produces. 

ChlanUes.  —  Like  hypochlorous  acid  itself,  the  hjrpochlorites 
turn  into  chlorates.  Thus,  when  chlorine  is  passed  into  a  warm, 
concentrated  solution  of  potassium  hydroxide,  and  particularly  when 
an  excess  of  chlorine  is  used,  the  potassium  hypochlorite  changes  into 
potauium  chlorate  KCIO3  as  fast  as  it  forms.  Since  this  action 
(equation  2)  requires  3KC10,  the  equation  formerly  given  (p.  189) 
must  be  tripled: 

3C1,  +  6K0H -►  3KC1   +  3KaO  +  3H,0.  (1) 

3Kao-»2Ka  -f  Kao,  (2) 

Adding:        301,  +  6K0H  -►  KCIO,  +  SKQ  +  3H,0. 

When  the  solution  is  cooled,  the  chlorate  crystallizes  out. 

This  action  involves  converting  five-sixths  of  the  valuable  potas- 
sium hydroxide  into  the  relatively  less  valuable  potassium  chloride. 
Hence,  in  practice,  the  makers  carry  out  the  corresponding  action 
with  calcium  hydroxide.  They  then  add  potassium  chloride  to  the 
resulting  solution,  containing  calcium  chloride  and  calcium  chlorate 
Ca(C103)j.  The  potassium  chlorate,  formed  by  double  decomposi- 
tion, crystallizes  when  the  solution  is  cooled. 

All  chlorates  are  at  least  moderately  soluble  in  water  (see  Table 
inside  of  front  cover).  Potassium  chlorate  is  used  in  making  fire- 
works, explosives,  and  matches.  An  intimate  mixture  with  sugar 
(CijHjjOjj)  bums  with  semi-explosive  violence,  the  oxygen  of  the 
salt  combining  with  the  carbon  and  hydrogen  of  the  sugar  to  form 
carbon  dioxide  and  water.  Detonating  fuses  for  artillery  are  made 
of  a  mixture  of  this  salt  with  antimony  trisulphide  (^.v.). 

Chloric  Add  HCIO^.  —  This  acid  may  be  obtained  in  solution 
in  water,  by  adding  the  calculated  amount  of  diluted  sulphuric  acid 
to  a  solution  of  barium  chlorate: 

Ba(C10,),  +  HjSO,  U  BaSO,  \  +  2HaO,. 

The  barium  sulphate,  being  insoluble,  is  removed  by  filtration  (</. 
p.  188). 
The  solution  may  be  concentrated  (to  about  40  per  cent)  by  evapo- 
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ration,  but  must  not  be  heated  above  AGP,  as  the  acid  decomposeB 
near  this  temperature.  The  resulting  thick,  oolorless  liquid  has 
powerful  oxidizing  qualities,  setting  fire  to  paper  (made  of  cellulose 
(CqHjoOs)^)  which  has  been  dipped  into  it.  It  converts  iodine  into 
iodic  acid,  2HC10,  +  I,  ~>  2HI0,  +  CI,.  When  warmed  beyond 
40P  the  acid  decomposes,  giving  chlorine  dioxide  and  pecthlork  add: 

3HC10,  -►  H3O  +  2C10,  +  HaO^. 

Chlorine  IHoxide  :  Chlorous  Add. —  Ohlorine  dioxide  CIO,  (see 
above)  is  a  yellow  gas  which  may  be  liquefied,  and  boils  at  +  ICT. 
The  gas  and  liquid  are  violently  explosive,  the  substance  being 
resolved  into  its  elements  with  liberation  of  much  heat.  It  is  formed 
whenever  chloric  acid  is  set  free,  and  hence  it  is  seen  when  a  little 
powdered  potassium  chlorate  is  touched  with  a  drop  of  concentrated 
sulphuric  acid  (end  of  last  section).  Concentrated  hydrochloric  acid 
turns  yellow  from  the  same  cause  when  any  chlorate  is  added  to  it 
These  actions  are  used  as  tests  for  chlorates,  and  distinguish  them 
from  perchlorates  (g.t;.).  With  water,  chlorine  dioxide  gives  a 
mixture  of  chloroiui  acid  HCIO,  and  chloric  acid,  and  with  bases  a 
mixture  of  the  chlorite  and  chlorate. 

Perchlorates,  Perchloric  Acid,  and  Perchloric  Anhydride* 

—  When  heated  chlorates  give  perchlorates.  Chlorates  also  give 
oxygen  at  the  same  time  (p.  47) : 

(2KC10,^2KCl  +  30„ 
(4KC103^3KC10, +  KC1. 

These  actions,  like  the  three  decompositions  of  hypochlorous  acid 
(p.  191),  are  independent,  and  proceed  simultaneously  (p.  194). 
Their  relative  speed,  however,  varies  with  the  temperature,  and  the 
decomposition  into  chloride  and  oxygen  may  completely  outrun  the 
other  when  a  catalytic  agent  like  manganese  dioxide  is  added  (p,  47). 
When  pure  potassium  chlorate  is  heate<l  cautiously,  about  one-fifth 
of  it  has  lost  all  its  oxygen  by  the  time  the  rest  has  turned  into  per- 
chlorate.  The  mixtiu^  may  be  separated  by  grinding  with  the 
minimum  quantity  of  water  which  will  dissolve  the  chloride  it  con- 
tains. The  perchlorate,  having  at  15°  less  than  one-twentieth  of  the 
solubility  of  the  chloride,  will  remain,  for  the  most  part,  undissolved. 
The  perchlorates  are  much  more  stable  (p.  81)  than  the  chlorates, 
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or  hypochlorites:  they  are  all  soluble  in  water,  and  they  are  used  in 
making  matches  and  fireworks. 

Pure  perchloric  «cid  HCIO^  explodes  when  heated  above  92^.  But, 
like  other  liquids,  its  boiling-point  is  lower  when  its  vapor  is  under 
reduced  pressure  (cf.  p.  79).  At  56  mm.  pressure  it  boils  at  39®,  a 
temperature  at  which  hardly  any  decomposition  b  noticeable.  Hence 
the  acid  may  be  made  by  mixing  potassium  perchlorate  and  con- 
centrated sulphuric  acid  and  distilling  the  mixture  cautiously  in  a 
vacuum: 

KCIO,  +  H^O.n  KHSO,  4-  HaO.t. 

To  secure  the  requisite  low  pressure,  the  ordinary  distilling  apparatus 
(Fig.  14,  p.  26)  is  made  completely  air-tight,  and  is  connected  by  a 
branch  tube  with  a  water-pump. 

Perchloric  acid  is  a  colorless  liquid,  which  decomposes,  and  often 
explodes  spontaneously,  when  kept.  A  70  per  cent  solution  in  water 
is  perfectly  stable,  however.  Although  it  is  an  active  oxidizing 
agent,  it  is  not  so  active  as  chloric  acid,  and  does  not  oxidize  hydro- 
gen chloride  in  cold  aqueous  solution.  When  liberated  by  concen- 
trated sulphuric  acid  it  does  not  at  once  give  the  yellow  chlorine 
dioxide  (p.  196). 

Ptrchloric  anhydride  Cl^O,  may  be  prepared  by  adding  phosphoric 
anhydride  to  perchloric  acid  in  a  vessel  immersed  in  a  freezing  mix- 
ture, PA  +  2HCIO4  -►  2HP0,  +  CI2O7.  Phosphoric  anhydride  is 
often  used  in  this^  way  for  removing  the  elements  of  water  from  com- 
pounds. By  gently  warming  the  mixture,  the  perchloric  anhydride 
can  be  distilled  off.  It  is  a  colorless  liquid  boiling  at  82®  (760  mm.) 
and  exploding  when  struck  or  too  strongly  heated. 

Oxygen  Acids  of  Bromine.  —  No  oxides  of  bromine  have  been 
made,  but  the  acids  HBrO  (hypobromous  acid)  and  HBrO,  (bromic 
acid)  and  their  salts  are  familiar. 

By  the  action  of  bromine  on  dilute,  cold  potassium  hydroxide 
solution,  potauium  bromide  and  hsrpobromite  are  formed: 

Br,  +  2K0H  ->  KBr  +  KBrO  +  H,0. 

When  the  solution  is  heated,  the  hypobromite  turns  into  potMiiwn 
bromate  and  bromide.     The  actions  are  exact  parallels  of  the  corre- 
sponding ones  for  chlorine  (pp.  189,  195). 
Aqueous  bromic  acid  HBrO,  may  be  made  in  the  same  way  as 
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chloric  acid  (p.  195),  or  by  the  action  of  chlorine  and  water  (equatioo 
1,  p.  115)  on  bromine: 

5HC10  +  H3O  +  Br,  -►  2HBrO,  +  5HCL 

The  solution  is  colorless  and  has  powerful  oxidizing  properties. 
Thus,  it  converts  iodine  into  iodic  acid:  2HBrO,  -f- 1,  — ►  2HIO,  +Br,. 
It  appears,  therefore,  that  iodine  has  more  affinity  for  oxygen  ihM> 
has  bromine. 

The  Oxide  and  Oxygen  Acids  of  Iodine*  —  The  following  are 

the  familiar  acids  and  their  corresponding  salts: 

HIO3  Iodic  acid,  KIO3         Potassium  iodate, 

[HIO4  Periodic  acid],  NalOi       Sodium  periodate, 

H5IO,  Periodic  acid,  NajHjIOe  Disodium  periodate. 

There  is  one  oxide,  iodic  anhydride  I2O5. 

The  potassium  and  sodium  iodates,  KIO,  and  NalO^,  are  found  in 
Chili  saltpeter.  They  may  be  made,  in  much  the  same  fashion  as 
are  the  chlorates  and  bromates  (pp.  195,  197),  by  adding  powdered 
iodine  to  a  hot  solution  of  potassium  or  sodium  hydroxide. 

Iodic  Acid  HIO3  ^^  formed  by  passing  chlorine  through  iodine  sus- 
pended in  water.  The  action  is  parallel  to  that  of  chlorine  on  bromine 
ivater  * 

5HC10  +  H2O  +  I2  ->  2HIO3  -f  5HC1. 

A  still  better  way  is  to  boil  iodine  with  aqueous  pitric  acid  (g.r.). 
The  latter  gives  up  oxygen  readily,  and  is  here  used  solely  on  this 
account.  Hence  it  may  be  omitted  from  the  equation,  only  the 
oxygen,  of  which  it  is  the  source,  appearing: 

Ij  +  H2O  +  50  -*  2HIO3. 

In  both  these  actions  the  initial  substances  (including  the  excess  of 
nitric  acid)  and  the  products,  with  the  exception  of  the  iodic  acid 
itself,  are  all  volatile.  When  the  solution  is  concentrated  by  evapora- 
tion, therefore,  only  the  iodic  acid  crystallizes.  It  is  a  white  solid, 
perfectly  stable  at  ordinary  temperatures,  andean  be  kept  indefinitely. 
At  170^  it  begins  to  give  off  water  vapor  (2HIO3  ^  H5O  +  I3OJ, 
leaving  iodic  anhydride.  The  latter  is  a  white  crystalline  powder 
which  may  be  raised  to  300°  before  it,  in  turn,  breaks  up,  giving 
iodine  and  oxygen. 
Some  sodium  periodate  (NalOi)  is  found  in  Chili  saltpeter. 
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ChefniciU  ReliMans.  —  The  compounds  of  the  halogens  with 
metals  and  with  hydrogen  diminish  in  stability,  with  ascending 
atomic  weight  of  the  halogen,  in  the  order:  F(19),  Cl(35.5),  Br(80), 
I  (127).  Each  halogen  will  displace  those  following  it  from  this 
kind  of  combination.  In  the  case  of  the  oxygen  compounds,  the 
order  of  stability  is  just  the  reverse,  those  of  iodine,  for  example, 
being  the  only  ones  which  are  reasonably  stable.  The  order  of 
displacement  in  such  compounds  confirms  this  conclusion. 

Amongst  the  oxygen  acids  of  any  one  Jialogen,  those  containing 
most  oxygen  are  most  stable.  The  salts  are  in  all  cases  more  stable 
by  far  than  the  corresponding  acids. 

The  halogens  when  combined  with  metals  and  hydrogen  are  univa- 
lent (HI,  KCl,  etc.).  It  is  clear,  however,  that,  when  united  with 
oxygen,  their  valence  is  higher.  The  maximum  is  shown  in  per- 
chloric anhydride  (Clfii),  where  chlorine  appears  to  be  heptavalent. 

The  formuls  of  the  acids  might  be  written  so  as  to  retain  the 
univalence: 

H— CI,  H-o-ca,  H-o-o-a,  H-o-o-o-ca, 

H-0-O-O-O-Cl. 

But  compounds  in  which  we  are  compelled  to  believe  that  two  oxygen 
units  are  united  are  usually  unstable  (see  Hydrogen  peroxide),  and 
we  should  expect  the  instability  would  be  greater  with  three  and 
with  four  units  of  oxygen  in  combination.  Here,  however,  the 
reverse  state  of  affairs  must  be  taken  account  of  in  our  formulae,  for 
HCIO4  is  the  most  stable  of  the  chlorine  set.  This  reasoning, 
together  with  the  heptavalence  in  CI2O7,  leads  us  to  assume  the 
valence  seven  in  perchloric  acid  (see  Periodic  system).  The  struc- 
tural formulae  (cf.  p.  156)  of  some  of  these  substances  are  therefore 
often  written  as  foUows: 

O  O 

II  II 

H-a,     H-O-a,     H-O-CUO,     Na-0-I  =  0. 

II  II 

o  o 

ExerciaeB* — 1.  Assign  to  its  proper  class  (pp.  124,  163,  189) 
each  of  the  actions  mentioned  in  this  chapter. 

2.  Knowing  that  potassium  fluosilicate  (K^SiFe)  is  insoluble,  how 
should  you  make  chloric  acid  (p.  188)? 

3.  Make  the  equation  for  the  interaction  of  chlorine  with  calcium 
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hydroxide  in  hot  water  (p.  195).    Ho^rshould  you  make  sine  chlorate 
from  rinc  hydroxide  (25n(OH)j)? 

4.  How  should  you  make  pure  potassium  hypochlorite  from 
h3rpochlorous  acid  (p.  191)? 

5.  On  what  circiunstances  would  the  possibility  of  makixig  barium 
chlorate  by  action  of  chlorine  on  barium  hydroxide  depend  (p.  195)? 
Could  pure  barium  chlorate  be  obtained  easily  by  this  means 
(see  Table  of  solubilities)? 

6.  Make  the  equations  for:  (a)  the  preparation  of  potaseium  bro- 
mate;  (6)  pure  aqueous  bromic  acid;  (c)  the  interaction  of  iodine 
with  aqueous  potassium  hydroxide  in  the  cold,  and  ^en  heated. 

7.  Make  the  equations  for  the  interactions  of  chlorine  dioxide  with 
water,  and  with  aqueous  potassium  hydroxide. 


CHAPTER  XVII 
DI8800IATION  IN   SOLXTTION 

The  employment  of  interacting  substances  in  the  form  of  solutions 
is  so  constant  in  chemistry,  and  the  reasons  for  this  are  so  cogent, 
that  we  must  now  resume  the  discussion  of  the  subject  of  solution 
(c/.  p.  96). 

The  present  chapter  will  be  devoted  to  giving  the  proofs  that,  to 
speak  in  terms  of  the  molecular  hypothesis,  the  molecules  of  acids, 
bases,  and  salts  in  aqueous  solutions,  are  actually  dissociated  into  parti 
by  the  solvent.  This  will  be  shown  by  consideration,  successively, 
of  certain  peculiarities  in  the  chemical  behavior,  and  the  freeiing- 
points  of  the  solutions  of  these  substances.  We  shall  see  that  these 
parts  coincide  in  composition  with  the  radicals. 

Same  CharaeierMic  I^ropertieB  ofAeid$,  Bases,  and  SaUs, 
Shawn  in  Aqueous  Solution, — Acids  all  contain  hydrogen  (p.  64). 
In  aqueous  solution,  if  soluble,  they  are  sour  in  taste,  they  turn  blue 
litmus  red,*  and  their  hydrogen  is  displaced  by  certain  metals  (p. 
65),  and  has  the  properties  of  a  radical.  By  the  last  statement  is 
meant  that  it  very  readily  exchanges  places  with  other  radicals  in 
reversible  double  decompositions  (p.  187).  Many  other  bodies,  like 
sugar,  kerosene,  and  alcohol,  contain  hydrogen  also,  but  not  one  of 
them  shows  all  of  these  properties.  Again,  all  salts  are  made  up  of 
two  radicals,  and  the  reversible  double  decompositions  into  which 
they  enter  with  acids,  bases,  and  other  salts,  consist  in  exchanges  of 
these  radicals.  Other  substances  may  include  the  same  combinations 
of  atoms,  but  in  their  actions  these  groupings  are  often  disregarded. 
Thus,  sodium  chloride  and  silver  nitrate  exchange  radicals  com- 
pletely (p.  187),  and,  in  dilute  solution,  hydrogen  chloride  and  sodium 
hydrogen  sulphate  do  so  partially  (p.  118).  But  sodium  chloride 
and  nitroglycerine  CgH^CNO,),  do  not  interact  at  all.  The  latter  is 
not  a  salt,  although  it  contains  the  same  proportion  of  nitrogen  to 
oxygen  as  does  any  nitrate. 

Furthermore,  it  is  chiefly  in  aqueous  solution  that  these  special  prop- 
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erties  of  acids,  bases,  and  salts  become  apparent.  Their  behavior 
is  often  quite  different  in  the  absence  of  this  solvent.  If,  for  example, 
we  mix  together  ammonium  carbonate  and  partially  dehydrated 
cupric  nitrate,  and  apply  heat,  a  violent  interaction  b^in&  An 
immense  cloud  of  smoke  and  gas  is  thrown  out  of  the  tube,  and  the 
substance  remaining  is  either  black,  or  reddish,  in  parts,  according  to 
the  proportions  of  the  substances  employed.  The  residue  contains 
cupric  oxide,  and  sometimes  red  cuprous  oxide  (Cu,0).  The  gas  b 
tinged  red  by  the  presence  of  nitrogen  tetroxide  (NO,),  while  a  more 
careful  examination  would  show  that  it  contained  carbon  dioxide, 
nitrogen,  nitrous  oxide  (N3O),  water  vapor,  and  perhaps  still  other 
products.  The  contrast^  when  the  substances  are  dissolved  in  water 
before  being  brought  in  contact  with  one  another,  is  very  great.  A 
pale-green  precipitate  is  formed  at  once,  and  rapidly  settles  out 
On  examination,  this  turns  out  to  be  a  carbonate  of  copper  (baric), 
while  evaporation  of  the  solution  furnishes  us  with  ammonium 
nitrate.  There  are  only  two  main  products,  and  the  essential 
part  of  the  action  in  solution  may  be  represented  by  the  equation : 

(NH,)r03  -f  Cu(N03),->CuC03  +  2NH,NO,. 

In  the  interaction  between  the  dry  substances  the  molecules  are  com- 
pletely disintegrated,  anil  the  whole  change  is  very  complex.  In  the 
action  in  water  no  heating  is  required,  the  substance^  are  neatly 
broken  apart,  certain  groups  of  atoms,  which  we  call  radicals,  are 
transferred  as  wholes  from  one  state  of  combination  to  another,  and 
the  rearrangement  take-s  place  in  a  machine-like  manner.  Contrasts 
Hke  this  l>etween  the  interactions  of  anhydrous  and  dissolved  bodies 
are  vcr}'  common. 

Many  conij)ouncls,  however,  do  not  show  any  change  in  behavior 
when  dissolved  in  water.  Sugar,  for  example,  is,  as  a  rule,  more 
readily  acteil  uix)n  in  the  absence  of  any  solvent.  Then  again,  while, 
water  is  not  the  only  solvent  which  has  the  effect  we  have  just 
described,  the  majority  of  sc^lvents,  if  they  affect  chemical  change  at 
all,  simply  retard  it.  Thus  the  union  of  iodine  and  phosphorus  in 
the  absence  of  a  solvent  takes  place  spontaneously  with  a  violent 
evolution  of  heat.  When  the  elements  are  dissolved  in  carbon  bisul- 
phide, before  being  mixed,  the  action  is  much  milder,  althou^  the 
product  is  the  same  (phosphorus  tri-iodide).  The  diminution  in  the 
concentration  of  the  ingredients  has  decreased  the  speed  of  the  action 
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in  the  normal  way  (p.  180).  That  water  and  some  other  solvents 
have  a  specific  influence  tending  to  increase  the  apparent  activity  of 
certain  classes  of  substances,  shows  that  a  special  explanation  of  the 
L phenomenon  must  be  found. 

Summing  up  these  points  we  see  that  the  peculiarity  of  acida, 

■bases,  and  salts  in  aqueoits  solution  is  that  each  compound  always 

iptits  in  the  same  way.     Thus,  cupric  nitrate  always  ^ves  changes 

ing  Cu  and  NO,  and  never  interacts  so  as  to  use  CuNj  and  0,, 

Ipr  CuOj  and  NO,,  as  the  basis  of  exchange.    Similarly,  .dilute  acids 

■Iways  offer  hydrogen  in  exchange,  and  eo  nitric  acid  behaves  as  if 

mposed  of  H  and  NOg,  and  sulphmic  acid  as  if  comprosed  of  2H 
ind  SO4,  and  never  as  if  made  up  of  HSO  and  HOj,  or  HjS  and  O^. 
The  sour  taste  and  the  efTect  upon  litmus  seem  to  be  properties  of 
this  easily  separable  hydrogen,  for  they  are  shown  only  by  acida. 
The  result  is  that  we  can  make  a  list  of  the  units  of  exchange,  such 
as  H,  OH,  NO,,  CO,,  SO,,  Cu,  K,  and  CI,  employed  by  acids,  baaes, 
and  salts  in  their  interactions.  The  molecule  of  each  compound  of 
these  classes  contmns  at  least  two  of  them.  Even  wlien  these  units 
contain  more  than  one  atom,  their  coherence  is  as  noticeable  within 
this  class  of  actions,  115  is  the  permanence  of  the  atomic  masses 
themselves  in  all  actions. 

The  question  raised  in  our  minds  is  whether  solution  in  water 
alters  the  character  of  the  molecule,  simply  by  producing  a  sort  of 
plane  qf  cleavage  in  it  which  creates  a  predisposition  to  a  uniform 
kmd  of  chemical  change,  or  whether  it  actuaili/  dimdea  the  molecules 
into  separate  parts  consisting  ot  the  above  units  of  exchange,  and 
leaves  subsequent  chemical  actions  to  occur  by  cni.'js-combination  of 
these  fragments.  The  fact  that  the  dissolved  substances  can  be 
recovered  by  evaporation  of  the  liquid  does  not  demonstrate  that 
they  have  not  been  decomposed  temporarily  while  in  solution.  The 
alteration  which  the  water  produces,  whatever  it  be,  will  naturally 
be  reversed  when  the  wat«r  is  removed.  Since  our  question  involves 
nothing  but  the  counting  of  particles,  the  number  of  which  would 
be  much  greater  in  the  event  that  actual  subdivision  of  molecules 
is  the  explanation,  it  ca:i  be  answered  by  a  study  of  the  physical 
properties  of  solutions.  Several  physical  properties  can  be  used, 
and  they  give  concordant  answers  to  the  question.  We  shall  con- 
L  fine  ourselves  here,  however,  to  the  evidence  furnished  by  the 

lezing-points  of  solutions. 
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JFreezing'Paints  of  Solutians.  — Every  pure  liquid  has  a  defi- 
nite temperature  at  which  it  freezes.  Thus,  pure  water  f reeies  at 
0^  and  benzene  at  6^.  The  presence  of  a  foreign,  dissolved  body, 
however,  lowers  the  freezing-point.  Thus,  sea-water  is  harder  to 
freeze  than  fresh  water.  The  freezing-points  of  solutions  of  the  same 
substance  are  found  to  be  depressed  below  that  of  the  solvent  in  pro- 
portion to  the  concentration  of  the  solute.*  Thus,  in  one  set  of 
experiments,  solutions  of  sugar  containing  11.4  g.,  22.8  g.,  and  34J 
g.  of  sugar  to  100  g.  of  water  were  foimd  to  freeze  at  —  0.62°,  —  1.23®, 
and  —  1.85°,  respectively, 

In  everyday  life  we  scatter  salt  on  ice  to  melt  it.  The  salt  dis- 
solves in  the  moisture  on  the  siuiace,  and  the  ice  cannot  exist  in 
presence  of  this  solution  at  0°  (p.  78).  It  melts,  absorbing  heat  in 
doing  so,  until  the  temperature  of  the  mixture  reaches  that  of  a 
freezing,  saturated  solution  of  salt  (about  —  21°  =  —  6®  F.).  When 
the  existing  temperature  is  lower  than  this,  the  salt  has  no  effect  on 
the  ice.  Fr^eaing  mixtures,  being  usually  mixtures  of  ice  with  various 
soluble  substances,  work  in  accordance  with  this  principle. 

Laws  of  Freezing-point  DepreBsian*  —  The  depression  in  the 

freezing-point  is  directly  proportional  to  the  weight  of  dissolved 
substance  in  a  given  amount  of  the  solvent.  The  depression  is 
inversely  proportional  to  the  amount  of  solvent.  Thus,  if  we  double 
the  concentration  of  the  solution,  the  depression  in  the  freezing- 
point  is  doubled.  Further,  equal  numbers  of  molecules  of  diffenoft 
aolutea  in  the  same  quantity  of  solvent  give  equal  depreaaions.  Or,  in 
other  words,  the  depression  is  proportional  to  the  concentration  of 
the  molecules  of  the  solute.  Thus,  solutions  containing  342  g.  of 
sugar  (CioHjzOiit),  or  46  g.  of  alcohol  (CjHeO),  or  74  g.  of  methyl 
acetate  CH3(C2H30o),  in  1000  g.  of  water,  being  weights  which  eon- 
tain  equal  numbers  of  molecules,  show  a  depression  below  the  freez- 
ing-point of  water  of  about  1 .89°  in  each  ease.  That  is,  such  solutions 
all  freeze  close  to  —  1.89°.  This  depression,  produced  by  a  mole  of 
the  solute  in  1  1.  of  water,  is  called  the  molecular  depreaaion  **-4iw^^n| 
and  has  a  different  value  for  each  solvent.     For  solutions  of  the  same 

*  The  ice  which  separates  during  the  freezing  consists,  as  a  rule,  of  the  pure 
solvent,  and  the  sohite  does  not  enter  into  it.  Only  when  this  ia  the  case  doea 
this  law  represent  the  facts. 

t  12  X  12  +  22  X  1  +  11  X  16  -  342. 
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molecular  concentration  in  benzene  the  depression  is  4.9®,  in  phenol 
(carbolic  acid)  7.5°.    Combining  these  facts  in  one  expression: 

The  observed  depression )  ^^o  Wt.  of  Solute  1000 

in  an  aqueous  solution  )  ^    *  Mol.  Wt.  of  Solute      Wt.  of  Solvent. 

For  other  solvents,  the  corresponding  value  of  the  depression  con- 
stant must  be  substituted  for  1.89*^. 

These  laws  describe  the  facts  most  exactly  when  the  solutions  are 
dilute.  They  hold  only  when  there  is  no  chemical  interaction 
between  solute  and  solvent.  Even  so,  however,  acids,  bcLses,  and 
salts  dissolved  in  water  present  many  apparent  exceptions  and  must  be 
discussed  separately  (see  below). 

It  will  be  noted  that,  when  the  other  factors  in  the  foregoing  equa- 
tion are  known  or  observed,  the  molecular  weight  of  the  solute  may  be 
determined.  The  fact  makes  possible  the  determination  of  this 
constant  for  substances  which  are  not  volatile  (see  Hydrogen 
peroxide). 

Freezing'I^aints  and  DissoHatian  in  Solution.  —  The  sub- 
stances which  present  the  most  conspicuous  exceptions  to  the  above 
rules  are  acids,  bases,  and  salts  in  aqueous  solution.  With  most  of 
these,  the  depression  produced  is  greater  than  we  should  expect 
from  the  concentration  of  the  solution.  Thus,  in  an  actual  experi- 
ment, two  equi-molar  solutions  were  compared.  One  contained  one 
mole  (74  g.)  of  methyl  acetate,  and  the  other  one  mole  (58.5  g.)  of 
sodium  chloride,  each  dissolved  in  2000  g.  (2  liters)  of  water.  The 
freezing-points  observed  were: 

Pure  water 0.000**       Pure  water 0.000® 

Sol.  of  methyl  acetate    .    -0.970**       Solution  of  salt    .    .    .    -1.678** 


Depression 0.970*^       Depression 1.678® 

0.970® 


Excess  depression  by  salt  0.708® 

The  solution  of  methyl  acetate,  as  it  contained  only  0.5  moles  of 
the  solute  per  liter  of  water,  showed,  as  it  should  do,  about  half  the 
average  molecular  depression  (1.89*^,  p.  204).  This  is  typical  of  the 
class  of  substances  showing  normal  behavior.  Sugar,  alcohol,  and 
hundreds  of  other  substances,  in  solutions  of  the  same  molar  con- 
centration, would  have  given  the  same  value. 

The  freezing-point  of  the  salt  solution,  however^  was  much  lower. 
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If  this  solution  had  really  contained  the  same  concentration  of  dis- 
solved molecules  as  the  other  solution,  its  depression  would  have 
been  0.970^  likewise.  The  number  of  molecules  in  the  solution  must 
therefore  have  been  greater  than  we  should  have  expected  from  the 
number  of  molecules  taken.  In  other  words,  a  portion  of  the  mole- 
cules of  the  salt  must  have  been  broken  up,  and  the  excess  depression, 
0.708^,  must  have  been  due  to  the  extra  molecules  produced  by  dis- 
sociation. Now  sodium  chloride  molecules  cannot  give  more  than 
two  particles  each,  and  the  depression  is  proportional  to  the  number 
of  particles.  It  follows,  therefore,  that  i^§,  or  0.732  (73.2  per  cent) 
of  the  molecules  were  dissociated. 

This  result  is  typical  also.  Acids,  bases,  and  salts,  of  which  one 
mole  is  dissolved  in  two  liters  of  water,  are  found  to  give  irregular 
values,  all  more  or  less  in  excess  of  0.970^.  Those  which  contain  but 
two  radicals,  like  sodium  chloride  (NaCl)  and  potassium  nitrate 
(KNOa),  give  values  between  0.970®  and  2  X  0.970**.  Substances 
like  calcium  chloride  (CaClj)  and  sodium  sulphate  (Na,S04)  give 
depressions  approaching  three  times  the  normal  value:  their  mole- 
cules contain  three  radicals.  The  excess  depression  depends,  there- 
fore, upon  the  number  of  particles  which  each  molecule  can  furnish, 
and  upon  the  proportion  of  all  the  molecules  which  is  dissociated  into 
these  fragments. 

In  the  case  of  an  acid,  base,  or  salt,  the  depression  is  not  strictly 
proportional  to  the  concentration.  Thus,  one  mole  of  salt  in  four 
liters  of  water  does  not  give  half  the  depression  of  the  two-liter 
solution  (0.839°)  but  soniewhat  more  (about  0.844®).  The  same 
method  of  calculation  indicates,  therefore,  a  greater  degree  of  dis- 
sociation (about  79  per  cent)  in  the  more  dilute  solution  (see  Ionic 
equilibrium) . 

Acids,  bases,  and  salts,  so  far  as  they  are  soluble  in  materials  like 
toluene,  benzene,  chloroform,  and  carbon  bisulphide,  exhibit  simply 
normal  depressions  in  these  solvents.  It  appears,  therefore,  that, 
in  many  solvents,  dissociation  does  not  take  place.  In  conunon 
experience  it  is  encountered  only  in  solutions  in  water,  and,  perhaps, 
alcohol. 

The  freezing-point  is  only  one  oifour  properties  of  solutions  which 
can  be  used  for  determining  the  numbers  of  molecules  present. 
Numerous  measurements  show  that  aqueous  solutions  of  acids,  bases, 
and  salts  not  only  have  abnormal  freezing-points,  but  also  abnormal 
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osmotic  pressures  (c/.  p.  101)  and  abnormal  boiling-points.  The 
electrical  conductivity  is  the  fourth  property  which  gives  the  required 
information  (see  Chap.  xix).  Now,  when  we  observe  the  behavior 
of  the  same  solution  in  each  of  these  four  wa3rs,  and  calculate  the 
degree  of  dissociation  from  the  result  of  each  measurement,  we  find 
that  the  values  obtained  are  usually  identical,  within  the  limits  of 
error  to  which  the  methods  are  liable.  Thus  the  indications  of  dis- 
sociation found  in  the  chemical  behavior  of  acids,  bases,  and  salts 
(p.  203)  are  fully  confirmed  by  a  study  of  the  physical  properties  of 
their  solutions.* 

Applications:  The  CangtUuHan  of  Solutions  of  Acids, 
Bases,  and  Salts*  —  The  composition  of  solutions  which  are  nor- 
mal or  abnormal,  in  respect  to  osmotic  pressure,  freezing-point,  and 
boiling-point,  may  be  shown  thus: 


Solutes. 


Acids,  bases y  salts 
Other  substances  . 


Dissolved  in 

Water,  Alcohol, 

etc. 


Abnormal 
Normal 


Dissolved  In 
Toluene,  Chlo- 
rofonn,  etc. 


Normal 
Normal 


.  It  appears  that  water  and  some  other  solvents  have  the  power  of 
decomposing  acids,  bases,  and  salts.  Such  solvents  have,  in  fact, 
an  effect  on  these  materials  that  resembles,  outwardly  at  least,  the 
effect  which  heat  has  on  many  substances  (e.g,  p.  81),  they  came 
dissociation: 

NaCl?:±(Na)  +  (CI). 

In  consequence  of  this,  our  view  of  the  nature  of  an  aqueous  solution 
of  hydrogen  chloride  (HCl),  or  common  salt  (NaCl),  or  sodium 
hydroxide  (NaOH),  or  any  of  the  substances  of  the  classes  which 
these  represent,  may  now  be  stated  in  definite  terms.  Such  a  solu- 
tion contains,  besides  undivided  molecules  of  the  solute,  at  least  two 
other  kinds  of  material,  H,  Na,t  CI,  OH,  etc.,  which  result  from  the 

*  Recent  observations,  showing  that  in  some  cases  rapid  double  decom- 
positions of  the  normal  kind  take  place  in  solutions  which  exhibit  no  physical 
evidence  of  the  existence  of  dissociation,  demonstrate  that  it  would  have  been 
unsafe  to  infer  dissociation  from  chemical  evidence  alone. 

t  The  objection  that  separate  atoms  of  sodium  could  not  remain  free  in 
water,  will  be  disposed  of  later. 
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breaking  up  of  the  molecules.  We  shall  see  that  these  subdivisioDfl 
of  the  original  molecules  have  distinct  physical  and  chemical  prop- 
erties of  their  own.  The  descriptions  of  the  **  properties  "  of  the 
solutions,  as  they  used  to  be  given  in  chemistry,  were  really  a  con- 
fused statement  of  the  properties  of  the  different  components  of  a 
mixtiu^. 

The  free  radicals,  of  whose  existence  we  have  thus  become  ooih 
vinced,  constitute  a  new  set  of  materials  (with  appropriate  names. 
See  p.  224).  Thus  the  hydrogen  radical  of  acids,  although  a  form  of 
imcombined  hydrogen,  differs  totally  from  the  gas  which  is  com- 
posed of  the  same  material.  The  gas  has  no  sour  taste  or  effect 
upon  litmus:  these  are  properties  of  the  free  radicaL  The  gas  is 
very  slightly  soluble  in  water,  while  the  hydrogen  radical  exists  as  a 
separate  substance  only  in  solution.  Again,  substances  with  the 
composition  of  the  radicals  NO,  and  SO4  are  not  known  at  all 
except  in  solutions. 

Exerci8e8» —  1.  What  depression  in  the  f.-p.  of  water  will  be 
produced  by  dissolving  10  g.  of  bromine  in  1  kg.  of  this  solvent? 

2.  What  depressions  in  the  f.-p.  of  benzene  and  of  phenol  would 
be  produced  by  10  g.  of  bromine  to  1  kg.  of  the  solvent,  if  no  chemical 
action  took  place? 

3.  What  is  the  molecular  depression-constant  of  a  solvent  in 
which  5  g.  of  iodine  in  500  g.  of  the  solvent  lowers  the  f.-p.  0.7®? 

4.  What  b  the  degree  of  dissociation  of  zinc  sulphate,  if  5  g.  of  it 
dissolved  in  125  g.  of  water  produce  a  lowering  of  0.603®  in  the  f.-p.? 


CHAPTER  XVm 


OZONE   AMD    HTDBOQEH    PEBOZIDE 


Afresh,  penetratingodor,  resembling  that  of  very  dilute  chlorine, 
was  noticed  by  van  Manim  (1785)  as  being  perceptible  near  an  elec- 
trical machine  in  operation,  Schonbein  (1840)  showed  that  the  odor 
was  that  of  a  distinct  substance,  which  he  named  ozone  (Gk.  SCtiv, 
to  smell),  and  he  discovere<l  a  number  of  ways  of  obtaining  it.  It  is 
ver)'  questionable  whether  there  is  any  ozone  in  the  air,  excepting 
temporarily  in  the  immediate  neighborhood  of  a  natural  or  artificial 
discharge  of  electricity. 

Preparation  of  Ozone  Oy  —  The  most  satisfactory  way  of 
preparing  ozone  is  to  allow  electric  waves  to  pass  through  oxygen. 
The  apparatus  (Fig.  50)  consists  of  two  co-axial  glass  tubes,  between 


r^^ 


which  the  oxygen  flows.  The  waves  are  generated  by  connecting  an 
outer  layer  of  tinfoil  on  the  outer  tube,  and  an  inner  layer  of  tinfoil 
in  the  inner  tube  with  tlie  jioles  of  an  induction  coil.  With  dry,  cold 
oxygen,  about  7.5  per  cent  of  the  gas  is  turned  into  ozone. 

Osone  is  found  in  the  oxygen  generated  by  electrolysis  of  dilute 
sulphuric  acid  (see  p.  216).  It  ariaea  during  the  slow  oxidation  of 
phosphorus  by  the  air,  resulting,  probably,  from  the  decomposition 
of  unstable,  highly  oxidized  bodies  which  are  formed  during  the  action. 
Ozone  is  formed  also  when  a  jot  of  burning  hydrogen,  or  an  elec- 
trically heated  loop  of  platinum  wire  is  immersed  in  liquid  oxygen. 
Oxygen  containing  as  much  as  15  per  cent  of  it  is  produced  by  the 
interaction  of  fluorine  and  water  (p.  170). 

aw 
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Physical  Braperties  of  Ozone,  —  Ozone  is  a  gas  of  blue  ookr. 
It  boils  at  —  119°,  so  that  when  a  mixture  of  oxygen  and  oxone  is  led 
through  a  U-tube  immersed  in  liquid  oxygen  (—  182.5^),  the  okhk 
collects  in  the  tube  as  an  opaque,  deep-blue  fluid.  Osone  is  much 
more  soluble  in  water  than  is  oxygen.  At  12^,  100  volumes  of  wita 
would  dissolve  50  volumes  of  the  gas  at  one  atmosphere  preasuie. 

Chemical  Properties  of  Ozone.  —  The  density  of  osone  is 

one-half  greater  than  that  of  oxygen.    Its  molecular  weight  is 

therefore  48,  and  its  formula  O,.    Ozone  is  relatively  stable  ^riiett 

mixed  with  much  oxygen.    When  the  ozonized  oxygen  is  heated, 

however,  the  ozone  is  decomposed  at  about  250-300^.     Tlie  action 

for  its  formation: 

30,  ^  20, 

is  therefore  reversible.  As  the  equation  shows,  three  volumes  of 
oxygen  give  two  of  ozone.  There  is  also  an  absorption  of  mud 
energy  from  the  electric  waves,  or,  in  other  methods  of  mAlrifig  it. 
from  the  concomitant  chemical  changes:  O  4-  0,  —  O,  —  32,400  caL 
Ozone  is  a  much  more  active  oxidizing  agent  than  oxygen.  He^ 
cury  and  silver,  which  are  not  affected  by  the  latter,  are  converted 
into  oxides  by  the  former.  Silver  gives  the  peroxide,  Ag^O,.  Vdipet 
dipped  in  starch  emulsion  containing  a  little  potassium  iodide  is 
used  as  a  test  for  ozone: 

O3  +  2KI  +  HjO  ->  O2  -f  2K0H  +  I,. 

The  iodine  gives  a  deep-blue  color  to  the  starch  (qf.  p.  105).  Tlus 
test,  however,  will  not  distinguish  ozone  from  chlorine  or  hydrogen 
peroxide,  and  may,  therefore,  be  used  only  in  the  absence  of  these 
substances.  Ozone  also  removes  the  color  from  organic  dyes,  such 
as  indigo,  by  oxidizing  them  {cf.  p.  192).  Its  activity  as  an  oxidising 
agent,  like  the  similar  actiNdty  of  hypochlorous  acid,  is  due  to  the 
fact  that  it  contains  much  more  energy  than  oxygen. 

Ozone  is  used  commercially  in  bleaching  oils  and  in  purifying 
starch.  It  is  employed  also  for  sterilizing  drinking  water  in  Tj1W> 
and  other  cities. 

Hydrogen  Peroxide  H,0,. 

Hydrogen  peroxide  is  found  in  minute  amounts  in  rain  and  snow. 
It  is  formed  in  small  quantities,  in  a  way  not  at  present  fully  under^ 
stood,  when  moist  metals  rust. 
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I^repareMan  of  Hydrogen  Beroocide. — When  sodium  peroxide 
(g.v.)  is  added,  a  little  at  a  time,  to  a  dilute  acid,  hydrogen  peroxide 
is  set  free  and  remains  dissolved  in  the  liquid. 

NaaOj  +  2Ha  t:?  2Naa  +  H3O2. 

When  hydrated  barium  peroxide  (BaOjjSHjO)  b  shaken  with  cold, 
dilute  sulphuric  acid  a  similar  action  takes  place: 

BaO,  +  H2SO4 1=^  BaSO<  4  +  HjO,. 

Phosphoric  acid  is  largely  employed  instead  of  sulphuric  acid  in  the 
commercial  manufacture  of  hydrogen  peroxide,  and  great  care  is 
taken  to  precipitate  the  other  products  and  all  impurities  from  the 
solution. 

An  aqueous  solution  is  also  obtained  by  passing  carbon  dioxide 
through  barium  peroxide  suspended  in  water: 

BaO,  +  COj  +  HjO  t=^  BaCOg  |  +  H  A- 

Pure  hydrogen  peroxide  is  isolated  from  any  of  these  solutions  by 
distillation  imder  reduced  pressure  (p.  197).  It  is  much  less  volatile 
than  water,  but  decomposes  into  water  and  oxygen  violently  at  100^. 
Hence  the  lower  pressure  is  required  to  make  possible  its  volatiliza- 
tion at  a  temperature  below  this  point.  At  68  mm.  pressure,  the 
water  begins  to  pass  off  first  (at  about  45^).  The  last  portion  of  the 
liquid  boils  at  84-85°  and  is  almost  all  hydrogen  peroxide. 

By  evaporating  the  commercial  (3  per  cent)  solution  at  70®,  a 
liquid  containing  46  per  cent  of  hydrogen  peroxide  may  be  made 
without  much  loss  of  the  material  by  volatilization. 

Physical  Broperties.  —  Hydrogen  peroxide  is  a  syrupy  liquid 
of  sp.  gr.  1.5.  It  blisters  the  sldn,  and,  when  diluted,  has  a  disagree- 
able metallic  taste.     It  has  been  frozen  (m.-p.  —  2°). 

Chemical  Properties.  —  Hydrogen  peroxide  (100  per  cent)  is 
very  unstable,  and  decomposes  slowly  even  at  —  20®.  The  dilute 
aqueous  solution,  when  free  from  impurities,  keeps  fairly  well.  The 
presence  of  a  trace  of  free  acid  increases  its  stability.  Free  alkalies 
and  most  salts  assist  the  decomposition;  hence  the  necessity  for 
purifying  the  commercial  solution.  Addition  of  powdered  metals, 
of  manganese  dioxide,  or  of  charcoal  causes  effervescence  even  in 
dilute  solutions,  and  oxygen  escapes: 

2H,0,  ->  2H,0  +  0,. 
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Since  the  substance  cannot  be  vaporised,  even  at  low  preaBUR, 
without  some  decomposition,  its  molar  weight  has  been  detennined 
by  the  freezing-point  method.  The  freezing-point  of  a  3^  per  cent 
solution  in  water  was  —  2.03^.  Substitution  of  these  data  in  the 
formula  (p.  205)  gives  31.8  g.  as  the  molar  weight.  Now  the  fonnuk 
HO  corresponds  to  a  molar  weight  of  17  and  HjO,  to  one  of  34.  It 
is  evident,  therefore,  that  the  latter  is  the  correct  formula. 

Hydrogen  peroxide,  in  solution  in  water,  is  a  feeble  acid.  As  an 
acid  it  enters  into  double  decomposition  readily,  and  the  peroxidtt 
are  really  salts  in  which  the  negative  radical  is  O,".  Thus,  when 
hydrogen  peroxide  b  added  to  solutions  of  barium  and  strontium 
hydroxides,  the  hydrated  peroxides  appear  as  crystalline  precipitates: 

Sr(OH),  +  H,0,  ^  2H,0  +  SrO,. 

The  precipitation  involves  another  equilibriimi:  SrOj+8H,0  iiiSiOi, 
SHjO  (solid). 

The  formation  of  a  beautiful  blue  substance  by  the  action  of 
hydrogen  peroxide  upon  dichromic  acid  is  used  as  a  tost.  The  test 
is  carried  out  by  adding  a  drop  of  potassium  dichromate  to  an 
acidulated  solution  of  the  peroxide.  The  acid  interacts  with  the 
dichromate,  giving  free  dichromic  acid: 

HjSO,  +  KjCvfij  ^  njcrfi,  +  igso,. 

The  composition  of  the  blue  substance,  which  is  very  unstable  and 
quickly  decomposes,  is  not  certainly  known,  so  that  no  equation  for 
its  formation  can  be  given.  The  blue  substance  has  the  property, 
unusual  in  inorganic  compounds,  of  dissolving  much  more  readily 
in  ether  than  in  water.  It  is  also  much  less  imstable  when  removed 
from  the  foreign  materials  in  the  aqueous  solution.  Hence  the  test 
is  rendered  more  delicate  by  extracting  the  solution  with  a  small 
amount  of  ether.  In  the  ethereal  layer  the  color  of  the  compound  is 
more  permanent,  as  well  as  more  distinctly  visible  on  account  of  the 
greater  concentration. 

Hydrogen  peroxide  is  a  much  more  active  oxidizing  agient  than  is 
free  oxygen.  This  would  be  expected  from  the  fact,  that  it  contains 
so  much  more  internal  energ}'  than  the  water  and  oxygen  into  which 
it  decomposes  (p.  194),  that  23,100  cal.  are  liberated  in  the  decom- 
position of  one  mole.  Thus,  it  liberates  iodine  from  hydrogen  iodide, 
an  action  which,  in  presence  of  starch  emulsion  (cf.  p.  165),  is  used 
as  a  test  for  its  presence: 

2HI  -f  HA  ->  2II2O  +  I,. 
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It  converts  sulphides  into  sulphates.     The  white  lead  {q.v,)  used  in 
paintings  is  changed  by  the  hydrogen  sulphide  in  the  air  of  cities  to 
black  lead  sulphide,  Pb3(OH)3(C03),  -I-  SH^S-^SPbS  +  4HjO  + 
2C0,.    This  may  be  oxidized  to  white  lead  sulphate  by  means  of 
hydrogen  peroxide: 

PbS  +  4H20,-^PbSO,  +  4H2O, 

and  in  this  way  the  original  tints  of  the  picture  may  be  practically 
restored.  Organic  coloring  matters  are  changed  into  colorless  sub- 
stances by  an  action  similar  to  that  of  hypochlorous  acid  (c/.  p.  192). 
Hence  hydrogen  peroxide  is  used  for  bleaching  silk,  feathers,  hair, 
and  ivory,  which  would  be  destroyed  by  this  more  violent  agent. 
The  products  of  its  decomposition,  being  water  and  oxygen  only, 
are  harmless,  and,  on  this  accoimt,  it  is  used  as  a  bactericide  in 
surgery. 

Hydrogen  peroxide  exercises  the  functions  of  a  reducing  agent  in 
special  cases,  also.    Thus,  silver  oxide  is  reduced  by  it  to  silver: 

A&O  +  H30,->2Ag  +  H3O  +  Oj. 

A  solution  of  potassium  permanganate,  in  which  the  permanganic  acid 
has  been  set  free  by  an  acid:  KMnO^+H^SO^^it  HMnO^+KHSO^, 
is  rapidly  reduced.  The  permanganic  acid,  with  excess  of  sulphuric 
acid,  tends  to  undergo  the  first  of  the  following  changes,  provided  a 
substance,  such  as  hydrogen  peroxide,  is  present  which  can  take 
possession  of  the  oxygen  that  would  remain  as  a  balance: 

2HMnO,  +  2H^0;->  2MnS0,  +  SH^O  (+  50)       (1) 

(50)  4-  5H A  -*  SRfi  4-  50, (2) 

2HMnO,  +  2H,S04  +  SH^O,  -♦  2MnS0,  +  8H,0  +  50, 

Exercises.  —  1.  What  volume  of  ozone  will  be  taken  up  by  100 
c.c.  of  water  at  12^  from  a  stream  of  oxygen  containing  7.5  per  cent 
of  ozone  (p.  103)? 

2.  At  what  temperature  will  a  ten  per  cent  solution  of  hydrogen 
peroxide  freeze  (p.  205)  ? 

3.  Write  the  thermochemical  equations  for  oxidation  of  indigo 
by  ozone  (pp.  194,  212),  and  by  hydrogen  peroxide. 


CHAPTER  XIX 
lONIZATIOir 

Introductory.  —  As  we  have  seen,  acids,  bases,  and  salts,  when 
dissolved  in  water,  interact  with  one  another  by  intenJianging  mdifiaU 
(p.  201).  We  have  also  learned  that  the  same  solutions  have  abnar- 
mal  values  for  their  freezing-points  and  for  two  other  properties. 
These  facts  indicate  dissociation  into  the  radicals  (p.  207).  Now 
precisely  these  solutions  have  a  property  which  is  not  shared  by  any 
other  solutions,  namely,  that  of  being  conductors  of  dedricUy  and 
suffering  chemical  decomposition  by  the  passage  of  the  cwrrenL  Sueb 
solutions  are  called,  in  consequence,  electrolsrtai,  and  the  process  is 
named  electrolysis  (^Acxrpov,  and  Xuetv,  to  loosen,  i.e.  to  decompose, 
by  means  of  electricity).  Now  the  natural  inference  from  the  fwe- 
going  facts  is  that  the  electricity  is  carried  by  the  Ubecmted  ladiesls. 
Our  first  aim  in  the  present  chapter  is  to  show  by  a  study  cf  the 
chemical  changes  takingplace  hi  electroljrsis  that  this  inference  is  correct. 
We  then  proceed  to  discuss  the  hypothesis  of  ions,  by  means  of  which 
these  facts  are  harmonized  with  the  molecular  hypothesis.  Next, 
we  apply  the  hypothesis  to  the  expUnation  of  electrolysis,  to  the 
equilibrium  between  the  ions  and  the  remaining,  undissociated  molaeiilet. 
and  to  conductivity  phenomena  as  a  means  of  measuring  the  fractto 
ionized.  Finally  we  deduce  the  relation  between  extent  of  ionisation 
and  chemical  activity. 

Incidentally,  the  facts  to  be  given  provide  the  means  of  under- 
standing the  electrolytic  processes,  many  of  them  of  great  importance 
in  chemical  industries,  to  which  frequent  reference  is  made  in  later 
chapters. 

Non-Electrolytes. — To  clear  the  ground,  we  should  first  note  the 
fact  that  only  solutions  (as  a  rule)  possess  both  of  the  properties 
in  question,  namely  that  of  conducting  and  that  of  being  decom- 
posed by  the  current.  Some  substances,  notably  the  metals  and 
materials  like  carbon,  are  conductors.     But  they  are  not  changed 

214 


ELECTROLYSIS  215 

chemically  by  the  current.  Again,  single  substances,  even  when 
they  are  euch  as,  if  mixed,  yield  electrolytes,  are  not  conductors  at 
ordinary  temperatures.  Thus  hydrogen  chloride,  whether  gaseous 
or  liquefied,  is  a  nonconductor,  and  water  is  a  very  feeble  conductor, 
although  the  solution  of  the  two  conducts  exceedingly  well.  Dry 
acids,  bases,  and  salts,  except  when  at  a  high  temperature  and  fused, 
are  likewise  nonconductors.  Furthermore,  even  amongst  solutions, 
not  all  are  conductors.  Solutions  of  sugar  and  other  substances  of 
the  same  class  (p.  205).  which  have  normal  freezing-points,  are  non- 
conductors. Only  solutions  of  acids,  bases,  and  salts  in  certain 
specified  solvents,  of  which  the  commonest  is  water,  are  electrolytes 
at  ordinary  temperatures. 

Chemical  Changes  Taking  Place  in  Electrolysis:  at  the 
Electrodes.  —  When  the  wires  from  a  batterj'  are  attached  to  plati- 
num plates  immersed  in  any  electrolyte  {.e.g.  Fig.  21,  p.  64),  we 
observe  that  the  products  appearing  at  the  two  electrodes  are  always 
different.  They  may  be  of  several  kmds  physically,  and  will  be 
secured  for  examination  variously  according  to  their  nature.  Thus, 
when  they  are  ku«b  which  are  not  too  soluble,  they  may  be  collected 
in  invert«d  tubes  filled  with  the  solution.  SoUda,  if  insoluble  in  the 
hquid,  will  either  remain  attached  to  the  electrode  or  fall  to  the 
bottom  of  the  vessel  as  precipitates.  Bolnbla  BubBtances  on  the 
other  hand  will  usually  not  be  visible.  They  may  be  handled  by 
interposing  a  porous  partition  of  some  description  which  will  restrain 
the  diffusion  of  the  dissolved  body  away  from  the  neighborhood  of 
the  electrode,  while  not  interfering  appreciably  with  the  passage 
of  the  current.  Surrounding  one  electrode  with  a  porous  battery 
jar  is  a  convenient  method  for  effecting  this. 

Of  the  various  illustrations  which  we  have  encountered,  the  elec- 
trolysis of  hydrochloric  acid  (p.  64)  happens  to  have  been  the  only 
one  which  delivered  both  components  of  the  solute  with  a  minimum 
of  modification  at  the  electrodes: 

Neg.  wire,  H,  -—  H.Cl •  a„  Pos,  wire. 

Hydrogen  does  not  interact  with  water,  and  chlorine  interacts  very 
slightly,  BO  that  the  molecular  substances  H,  and  CI,  are  promptly 
formed  from  the  elements  H  and  CI  which  are  libcratwl.  The  chlo- 
rides, bromides,  and  iodides  of  those  mctala  which  do  not  interact 
ti  water  give  equally  simple  results: 

Neg.  wire,  Cu « Cu.Br, •  Br„  Pos,  wire. 
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Thus,  in  electrolysis,  the  solute  seems  to  aplU  into  its  radtoak^  and  the 
radical,  if  it  does  not  interact  with  water,  is  set  free.  A  substance 
thus  set  free  is  called  a  primary  product  of  the  electrolysis.  In  the 
foregoing  instances  both  products  are  primary. 

Usually  the  chemical  change  is  more  complex.  Thus,  when  dilute 
sulphuric  acid  is  electrolyzed,  hydrogen  and  oxygen  are  liberated  at 
the  negative  and  positive  electrodes,  respectivdy.  But  these  {mxi- 
ucts  do  not  account  for  the  whole  of  the  constituents  (I^SO^).  We 
therefore  proceed  to  examine  the  materials  in  solution  round  the 
electrodes.  It  is  found  that,  as  the  action  progresses,  sul- 
phuric acid  accumulates  roimd  the  positive  wire,  while  the  liquid  in 
the  neighborhood  of  the  other  pole  is  gradually  depleted  of  this  8ub> 
stance.  In  view  of  this  fact  we  easily  explain  the  phenomenon. 
Evidently  the  substance  divides  into  its  radicals,  H  and  SO4,  but 
SO4,  not  being  a  known  substance,  must  interact  with  the  water  to 
produce  sulphuric  acid  and  oxygen:  2SO4  +  211,0  — >  2E^S04  +  0^. 
The  whole  change  may  therefore  be  tabulated  as  follows: 

Neg.  WTire,  H,  < Hj.SO^ ►  0,  and  H^SO^,  Pos.  Wire. 

Hence  the  hydrogen  is  a  primary  product,  but  the  oxygen  and  sul- 
phuric acid  are  secondary  products.  All  acids  give  hydrogen  alone  at 
the  negative  electrode,  whatever  may  be  the  product  at  the  positive. 
If  we  electrolyze  cupric  nitrate  solution,  we  obtain  a  red  deposit  of 
metallic  copper  on  the  negative  plate  and  at  the  positive  end  oxygjen 
and  nitric  acid  are  formed.  We  infer,  therefore,  that  the  division 
of  the  original  molecule  was  into  Cu  and  NO3,  but  that  the  latter 
interacted  with  the  water:  4NO3  +  2H,0 ►  4HN0,  +  O,: 

Neg.  Wire,  Cu.  < Cu.(NOj), ►  0,  and  HNO,,  Pos.  Wire. 

With  a  solution  of  potassium  nitrate  we  find  hydrogen  and  oxygen 
appearing  at  the  negative  and  positive  electrodes  respectively.  Lit- 
mus paper,  however,  shows  the  presence  in  the  solution  of  a  base 
(potassium  hydroxide,  KOH)  at  the  negative  and  an  acid  (nitric 
acid)  at  the  positive  end.  Secondary  chemical  changes  have 
occurred  at  both  poles.  We  infer  that  the  parts  of  the  pajent  mole- 
cules are  K  and  NO3.  The  former,  since  it  resembles  sodium  (p.  66), 
instead  of  being  liberated,  gave  rise  to  free  hydrogen  and  potassixun 
hydroxide  : 

Neg.  Wire,  R^  and  KOH  < K.NO, ►O,  and  HNO3,  Pos.  Wire. 
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We  are  confirmed  in  these  conclusions  when  we  employ  a  pool  of 
mercury  in  place  of  the  negative  wire,  A  portion  of  the  potassium 
19  then  found  to  have  dissolved  in  the  mercury  and  escaped  intei^ 
action  with  the  water. 

Having  now  before  ua  the  results  of  electrolyzing  some  typical 
substances,  we  bring  these  results  into  relation  with  the  facts 
described  in  the  last  chapter.  Acids  contain  hydrogen  which  pos- 
sesses certain  specific  properties  (p.  201),  and  by  electrolysis  they  all 
divide  so  as  to  give  up  this  consliluent  alone  at  one  electrode.  The 
evidence  that  the  other  radical  has  different  electrical  properties 
which  carrj'  it  to  the  opposite  plate  is  conclusive.  Ag£un,  salts 
undergo  double  decomposition  in  which  they  exchange  ratUcals  with 
acids,  bases,  and  other  salts  (p,  201),  and  we  find  that  it  is  these  yery 
radicals  which  are  withdrawn  from  the  solutioa  by  the  influence  of  tha 
electricity.  Furthermore,  the  radicals  exist  free  in  the  solution,  being 
formed  by  dissociation  of  the  molecules  (p.  207).  Hence  the  fimction 
of  the  electricity  seems  simply  to  consist  in  sifting  apart  the  two  kinds  at 
tree  radicals  which  each  solution  contains.  It  only  remains  for  us 
to  construct  an  hypothesis  (see  below)  to  account  for  the  sifting 
action  of  the  current.  Before  turning  to  this  explanation  of  the 
phenomena,  however,  there  is  one  question  which  may  be  answered 
in  passing.  Since  a  solution  may  eventually  be  cleared  of  all  the 
hytlrochloric  acid,  for  example,  which  it  contains,  we  should  like  to 
know  how  thefree  radicals  in  the  center  of  the  cell  reach  the  electrodes. 

Tonic  Mil/ration.^  To  know  how  the  free  radicals  reach  the  elec- 
trodes, all  that  is  necessary'  is  to  take  a  material,  one  (or  both)  of 
whose  radicals  is  a  colored  substance,  and  watch  the  movement  of 
the  colored  material  as  it  drifts  towards  the  electrode.  Moat  salts 
which  give  colored  solutions  arc  suitable.  In  verj'  dilute  cupric 
sulphate  solution,  for  example,  a  freezing-point  determination  shows 
that  tbedepression  has  practically  double  ihcnormal  value.  In  other 
words,  the  dissociation  into  the  radicals,  CuSO,^(Cu)  +  (SO,), 
is  almost  compIet«.  Now,  the  blue  color  of  the  solution  cannot  be 
due  to  the  few  remaining  molecules  of  CuSO,,  for  anhydrous  cupric 
sulphate  is  colorless.  Nor  is  it  due  to  the  color  of  the  (SO,)  radicals, 
for  dilute  potassium  sulphate  and  dilute  sulphuric  acid  are  both 
colorless.  On  the  other  hand,  all  cupric  salts,  in  dilute  solution, 
have  the  same  tint.    The  color  is  therefore  that  of  the  free  cupric 
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radical  (Cu).  In  order  most  clearly  to  see  the  motiozi  of  the  capric 
radical,  we  place  the  cupric  sulphate  solution  in  the  middle  of  the 
space  beween  the  electrodes,  and  place  between  it  and  the  latter  a 
colorless  conducting  solution.  The  motion  of  the  blue  material 
across  the  boundary  may  then  be  easily  observed. 

The  most  convenient  arrangement  is  to  dissolve  the  cuime  sul- 
phate in  warm  water  containing  about  5  per  cent  of  agar-agar,  and 
to  fill  with  this  mixture  the  lower  part  of  a  U-tube  (Pig.  51).    Tbt 

setting  of  the  jelly  prevents  subae 

/S^^  y^irj^n5\^  quentmixingof  thecupricsulphate 

"^^  '—^  system  of  materials  with  the  rest 

of  the  filling  of  the  tube,  and  the 
consequent  disappearance  of  the 
boundary.  A  few  grains  of  cfav- 
coal  may  be  scattered  on  the  sin^ 
face  of  the  jelly  to  markthepresent 
limits  of  the  colored  substance, 
and  a  solution  of  some  coiorioi 
electrolyte,  such  as  potassium  ni- 
trate, is  added  on  each  side.  To 
prevent  agitation  of  the  liquid  by 
the  effervescence  at  the  electrodes, 
it  is  well  to  use  agar-agar  with  the 
lower  part  of  the  colorless  liquid 
also.  The  whole  is  finally  placed  in  ice  and  water,  to  prevent 
melting  of  the  jelly  by  the  heat  caused  by  resistance,  and  the  cun^it 
is  then  turned  on. 

After  a  time,  we  obser\''e  that  the  blue  cupric  radicals  ascend  above 
the  mark  on  the  negative  and  descend  away  from  it  on  the  positive 
side.  In  each  case  there  is  no  shading  off  in  the  tint.  The  motion 
of  the  whole  aggregate  of , colored  radicals  occurs  in  such  a  way  that, 
if  the  contents  of  the  tube  were  not  held  in  place  by  the  jelly,  we 
should  believe  that  a  gradual  motion  of  the  entire  blue  solution  was 
being  observed.  With  a  current  of  1 10  volt^,  and  a  l&-candle  power 
lamp  in  series  with  the  cell,  the  effect  becomes  apparent  in  a  few 
minutes. 

Although  the  (SO 4)  radicals  are  invisible,  we  may  safely  infer  that 
they  are  drifting  towards  the  positive  electrode.  Inde^,  this  can 
be  demonstrated  by  interposing  a  shallow  layer  of  jelly  containing 
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s  barium  salt  a  little  distance  above  the  charcoal  layer  on  the 

ative  side.  When  the  (SO  J  reaches  this,  barium  sulphate  begins 
I  be  precipitated  and  the  layer  becomes  cloudy.     In  similar  waya 

s  progress  of  other  colorless  ions  may  be  rendered  visible. 
Vlt  appears,  therefore,  that  electrolysis  is  not  a  local  phenomenon, 

ing  on  round  the  electrodes  only,  but  that  the  whol«  of  tha  products 
of  Um  diuoci&tion  ot  tho  solnta  ua  set  in  motion.  It  is  on  account  of 
this  remarkable  property  of  traveling  or  mi^atlng  towards  one  or 
other  ot  the  electrodes  that  the  individual  atoms  (like  Cu),  or  groups 
of  atoms  (like  SOJ,  have  been  named  iona  (Gk.  iair,  going).  The 
term  was  first  applied  by  Faraday  to  the  materials  liberated  round 
the  electrodes. 

Different  ionic  substances  move  with  different  speeds  when  pro- 
pelled by  the  same  current.  The  hydrogen  radical  of  acids  (H)  is 
the  most  speedy,  the  hydrosyl  radical  of  bases  (OH)  comes  next. 
The  actual  speeds  of  several  ions,  in  dilute  solutions  at  18°,  when 
driven  by  a  potential  difference  of  I  volt  between  plates  1  cm.  apart, 
expressed  in  cm.  per  hour  is:  H  10.8,  OH  5.6,  Cu  1.6,  SO,  1.6, 
K  2.05,  CI  2.12. 


The  Hypotboin  of  tona.  —  That  the  molecules  of  certiun  classes 
of  substances,  although  seemingly  without  chemical  interaction 
with  the  water  in  which  they  are  dissolved,  shoukl  nevertheless  be 
decomposed  by  the  influence  of  the  water,  is  strange,  but  not  incon- 
ceivable. Heating  produces  a  aomewliat  similar  eSect  on  many  sub- 
stances. The  novel  fact,  for  which  an  explanation  la  demanded,  is 
that  the  molecules  of  the  products  of  the  dissociation  appear  to  be 
attracted  by  electrically  charged  plates,  which  have  been  lowered 
into  the  solution,  while  molecules  of  dissolved  sugar,  tor  example, 
are  not  so  attracted.  Now  the  only  bodies  which  wo  find  to  be 
conspicuously  attracted  by  electrically  charged  objects  are  bodies 
which  are  alrtady  provided  with  electric  charga  of  Iheir  o^im.  Thus 
we  are  led  to  add  to  the  molecular  hypothesis  the  Jissiimplion  Ihat 
substances  which  undergo  dissociation  in  solution  divide  thomaelves 
Into  a  special  kind  of  olactrickUy  cbuged  moleculM. 

Since  the  solution,  as  a  whole,  has  itself  no  charge,  equal  quantities 
of  positive  and  ne.gative  electricity  must  be  produced : 


Ha  «  H  +  CI     NaCl  i^  Na  4-  CI     NaOH  tu  Na  +  OH. 
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This  means  that  bivalent  radicals,  on  dissociation,  will  beoome  ions 
carrying  a  double  charge  and  trivalent  ions  must  cany  a  triple 
charge: 

CuCl,  ;=i  Cu  +  2C1  CuSO^  ?=±  Cu  +  SO^ 

KjSO^  <i±  2k  +  SO4  FeCl,  ^Fe\  aCl 

In  these  equations,  the  coefficients  multiply  the  charges,  as  wdl  as 
the  radicals  bearing  the  charges,  and  it  will  be  seen  that  the  numbers 
of  +  and — charges  produced  by  each  dissociation  are  equaL  Hence, 
univalent  ions  all  possess  equal  quantities  of  oloetriefty*  and  oUiar  Ion 
bear  quantities  greater  than  this  in  proportioa  to  their  yalaiice.  lliis  is 
an  inevitable  inference  from  the  electrical  neutrality  of  all  solutions. 
It  is  confirmed  by  actual  measurement. 

To  show  that  this  hypothesis  is  adequate,  we  next  apply  it  to  the 
explanation  of  the  phenomena  of  electrolysis.  After  that  some 
seeming  objections  will  be  discussed. 

AppUe€Uion    to    the    BxplanaHon    of    JEleetroi^Msm  —  A 

batteiy  is  a  machine  which  maintains  two  points,  its  poles,  or  two 
wires  connected  with  them,  at  a  constant  difference  of  potential. 
One  cell  of  a  storage  batter}*^,  for  example,  maintains  a  potential 
difference  of  two  volts.  When  the  wires  are  joined,  directiy  or 
indirectly,  the  poles  are  immediately  discharged,  but  the  cell  con- 
tinuously reproduces  the  difference  in  potential  by  generating  fredi 
electricity.  Now  the  effect  of  immersing  two  plates,  one  of  which  is 
kept  by  the  battery  at  a  definite  positive  potential  and  the  other  at 
a  definite  negative  potential,  into  a  liquid  filled  with  floating  multi- 
tudes of  minute  bodies,  already  highly  diargedf  may  easily  be  foreseen. 
The  figure  (Fig.  52)  will  convey  some  idea  of  the  behavior  of  the 
parts  of  a  system  such  as  we  have  imagined.  The  electrodes  are 
marked  —  and  -f .  The  negatively  charged  plate  attracts  all  the 
positively  charged  particles  in  the  vessel,  and,  although  these  parti- 
cles are  in  continuous  and  irregular  motion,  they  nevertheless  begin, 
on  the  whole,  to  drift  toward  the  plate  in  question.  On  the  other 
hand,  the  negatively  charged  particles  are  repelled  by  this  plate  and 
attracted  by  the  positive  plate,  so  that  they  drift  in  the  opposite 
direction.  Those  which  are  nearest  each  plate,  on  coming  in  contact 
with  it,  will  have  their  charges  of  electricity  neutralized  by  the  oppo- 
site charge  on  the  plate,  turning  thereby  into  the  ordinary  free  forma 
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■  the  matter  of  which  they  are  compMieed.     The  conlmuous  removal 

1  the  electrical  charges  of  the  piat£3  through  contact  with  ions  of 
a  opposite  charge  furnishes  occasion  for  recharging  of  the  plate 

rom  the  batter>',  and  tliua  gives  rise  to  a  continuous  current  in  each 
Again,  the  continuous  drifting  of  poaitively  and  negatively 

Siarged  particles  in  opposite 
directions  through  theliquid, 
constitutes  what,  in  the  view 
of  all  external  means  of 
observation,  appears  to  lie 
an  electrical  current  in  tlie 
liquid  also.  A  magnetized 
needle,  for  example,  which  is 
deflected  when  brought  near 
to  one  of  the  wires  of  the 
battery,  is  influenced  in  the 
same  way  by  being  brought 
over  the  hquiii  i>etween  the  electrodes.  The  illusion,  so  to  speak,  of 
an  electric  current  is  complete,  although  in  rcaUty  it  is  a  convection  of 
electricity  that  is  taking  place.  Furthermore,  the  quantity  of  elec- 
tricity being  transported  across  any  section  of  the  whole  system  is 
the  same  as  that  across  any  other,  whether  this  section  be  taken 
through  one  of  the  wires,  through  the  electrolyte,  or  even  through 
the  battery  at  any  point.  As  fast  as  the  ions  are  thus  annihilated  as 
such,  the  undissociated  molecules  Imingled  with  tiie  ions,  but  not 
shoH'n  in  the  hgurc)  dissociate  and  produce  fresh  ones,  as  in  all 
chemical  equilibria.  Eventually,  by  continuing  the  process  long 
enough,  if  the  substances  set  free  are  actually  deposited  and  do  not 
go  into  solution  agmn  in  any  form,  the  liquid  can  be  entirely  deprived 
of  the  whole  of  the  solute  which  it  contains. 

The  analogy  to  the  transportation  of  a  fluid  like  water  is  notice- 
able, although  not  complete.  Water  may  be  transported  in  three 
ways.  It  may  flow  through  a  pif>e,  it  may  pass  by  pouring  freely 
from  one  container  to  another,  and  it  may  be  carried  in  vessels. 
Thus  a  stream  of  water,  essentially  continuous,  might  be  arranged, 
which  part  of  the  passage  took  place  through  the  pipes,  part  by 
ng  from  the  piEws  into  buckets,  and  part  by  the  carrying  of 
those  buckets  between  the  ends  of  the  pipes.  The  quantity  of  water 
passing  a  given  jMint  per  minute  tn  this  system  would  be  the  same 
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at  every  part,  although  the  actual  method  by  which  the  water  wis 
transported  past  the  various  points  might  be  differant.  In  such  a 
disjointed  circuit  we  suppose  the  electricity  to  move  when  carried 
from  a  battery  through  an  electrolytic  cell.  It  flows  in  the  wire, 
passes  by  discharge  between  the  pole  and  the  ion,  and  is  transported 
upon  the  ions  in  the  liquid.  The  parallel  is  imperfect,  however, 
because  we  have  used  the  conception  of  two  electric  fluids  and  beetmm 
the  ions  are  already  charged  in  the  soluUon,  and  hrf<jre  any  connBdum 
wiih  the  battery  is  made.  They  do  not,  so  to  speak,  transport  the 
electricity  of  the  battery,  but  their  own. 

Difficulties  Presented  by  this  SypathesiSm  —  The  question 
was  raised  (p.  207),  as  to  how  we  can  ima^ne  separate  atoms  of 
sodium  to  exist  in  water  without  acting  upon  it,  as  the  metal  sodium 
usually  does.  But  the  ions  of  sodium  in  sodium  chloride  solution 
are  not  metallic  sodium.  They  bear  large  charges  of  electricity. 
They  possess  an  entirely  different,  and  in  fact,  by  measuranent, 
much  smaller  amount  of  chemical  energy  than  free  sodium.  And, 
as  we  have  seen,  the  properties  of  a  substance  are  determined  as 
much  by  the  energy  it  contains  as  by  the  kind  of  matter.  Metallic 
sodium  and  ionic  sodium  arc,  simply,  different  substances. 

We  think  of  hydrogen  chloride  and  common  salt  as  exceedin^v 
stable  substances,  and  are  averse  to  believing  that  precisely  these 
compounds  should  be  highly  dissociated  by  mere  solution  in  water. 
But  it  must  be  remembered  that  in  solution  they  undergo  chemical 
change  very  easily,  and  it  is  only  in  the  dry  form  that  they  show 
unusual  stability. 

Again,  why  do  not  the  ions  combine,  in  response  to  the  attractions 
of  their  charges?  The  answer  is  that  they  do  combine,  but  the  rate 
at  which  combination  takes  place  is  no  greater  than  that  at  which 
the  molecules  decompose,  so  that  on  the  whole  the  proportion  of 
ions  to  molecules  remains  unchanged. 

Finally,  it  might  appear  that  the  assumption  that  bodies  could 
retain  high  charges  in  the  midst  of  water  is  contrary  to  all  expierienoe. 
It  must  be  remembered,  however,  that  the  molecular,  pure  water, 
which  separates  the  ions  from  one  another,  is  a  perfect  nonconductor. 
The  moisture  which  covers  electrical  apparatus  and  causes  leakage 
of  static  electricity  is  not  pure  water,  but  a  dilute  solution  containing 
carbonic  acid  (p.  77)  and  materials  from  the  glass  of  which  the 


apparatus  is  made.  It  conducts  away  the  charge  electrolyticaJIy, 
by  means  of  the  ions  it  contains,  and  not  by  itself  acting  as  a 
conductor. 

Beaum«  and  Xomenclaturf  —  The  dissociation  of  molecules 
into  ions  is  niimed  tonintloo.  The  substances  of  the  three  classes 
which  alone  are  ionized  may  be  designated  ionogena.  An  ion  may 
be  d«fln»d  as,  a  tnotecule  bearing  negative  or  positive  charges  of 
electricity  in  proportion  to  its  valence,  and  formed  through  the 
dissociation  of  an  ionogen  by  a  solvent  like  water. 

Each  molecule  of  the  solute  gives  two  kinds  of  ions  with  opposite 
charges.  These  two  ore  forthwith  distinct  and  independent  sub- 
stances, save  that  the  attractions  of  the  charges  prevent  separation 
by  diffusion.  They  differ  from  non-ionic  substances  of  the  same 
material  composition  when  such  are  known.  The  electrical  charge 
is  one  of  the  essential  constituents,  and  when  it  is  removed  the 
properties  alter  entirely.  Thua  we  have  two  kinds  of  hydrogen, 
gaseous  molecular  hydrogen  (H,),  and  ionic  hydrogen  (H),  with 
entirely  different  chemical  properties  (p.  208). 

The  radicals  and  their  chemical  behavior  are  real,  and  all  the 
peculiarities  of  aqueous  solutions  of  acids,  bases,  and  salts  are 
experimental  facta.  Ions,  however,  like  corpuscles,  atoms,  and 
molecules,  are  part  of  our  great  system  of  formulative  hypotheses 
and  are  added  to  it  in  order  to  maintain  its  self-consistency.  Mole- 
cules are  units  which  are  not  commonly  disintegrated  by  vaporiza- 
tion (p.  87)  i  ions,  those  which  are  not  commonly  disintegrated  in 
double  decomposition  in  solution;  atoms,  those  which  are  nut  com- 
monly disintegrated  in  any  chemical  action.  The  Ionic  hypothesis 
was  first  suggcatetl  by  Svante  Arrhenius,  a  Swedish  chemist,  in  1887. 

Since  the  writing  of  the  +  and  —  charges  over  the  symbols 
occupies  much  space,  we  shall  hereafter  employ  a  dot  for  tlie  former 
and  a  little  dash  for  the  latter:  H',  CI',  Cu",SO/',  Fe",  Fe"",  NH",. 
In  the  ions  formed  from  one  molecule,  the  number  of  dots  and 
dashes  must  be  equal. 

Since  ionic  hydrogen,  ionic  chlorine,  et.c,,  are  entirely  different  in 
lical  and  chemical  properties  from  the  corresponding  free  ele- 
iits,  they  should  receive  separate  namM.  AMien  it  is  inconvenient 
to  say  "  ionic  hydrogen,"  "  ionic  iutrat«  radical  "  (NOj'),  etc.,  the 
following  will  be  uaed: 
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Sym- 
bol. 

Name. 

Anion  of 

Sym- 
bol. 

Name. 

Cktion  of  8a]to  d 

SO/' 
CI' 

HSO/ 
OH' 

Sulphate-ion 
Chloride-ion 
Hydrosuiphate-ion 
Hydroxide-ion 

Sulphates 
Chlorides 
Bisulphates 
Hydroxides 
(bases) 

Na' 

Pe*" 
NH/ 
Fe*" 
H' 

Sodhim-ioa 

Ferrio-ioa 

Ammonlum-ioa 

Fenrous-Ioa 

Hydraeen-ion 

Fterie  iroQ 
Ammonium 
F^BRtNM  inn 
HydravBQ  (addi) 

In  using  these  terms,  note  that  sodium-ion  (with  the  hyphen)  is  the 
name  of  the  substance,  and  not  of  the  hypothetical,  charged  atom. 
When  speaking  in  terms  of  hypothesis,  therefore,  we  may  not  say 
"  a  sodium-ion,"  any  more  than  we  should  say  "  an  ionic  sodium  " 
or  "  ionic  sodiums."  To  describe  the  char^sd  molecule,  we  must 
write  "  a  sodium  ion,"  "  sodium  ions,"  "  chlorate  ions,"  etc. 

Faraday  distinguished  the  two  kinds  of  material  which  proceed 
with  and  against  the  positive  current  by  name.  His  terminology  is 
still  used.  Ions  which  proceed  in  the  same  direction  as  the  positive 
current  (Fig.  52)  are  called  cations  (Gk.  Kard,  down).  Such  are  ff, 
Cu",  K',  NH/.  They  are  metallic  elements,  or  groups  which  play  the 
part  of  a  metal.  The  electrode  (Gk.,  o&fe,  a  path)  upon  which  they 
are  deposited,  the  negative  electrode,  is  spoken  of  as  the  cathode 
(Gk.  ij  Kado8o5,  the  way  down). 

The  particles  which  move  in  the  direction  of  the  negative  current 
and  against  that  of  the  positive,  are  named  anions  (Gk.  dm,  up). 
The  ions  CI',  NO3',  SO/',  MnO/  are  of  this  kind.  They  are  usuaUy 
composed  of  non-metals,  although  sometimes,  as  in  MnO/,  the  com- 
ponents may  be  partially  metallic.  They  are  set  free  at  the  positive 
electrode,  which  is  therefore  named  the  anode  (Gk.  ^  droSoc,  the 
way  up).  Chemists  speak  of  metals  and  non-metals  as  positive  and 
negative  elements,  respectively  (c/.  p.  82),  even  when  electrical 
relations  are  not  directly  in  question,  and  ions  are  not  concerned. 

ApplicatUms  :  Ionic  Equilibrium.  —  Since  the  ions  aie  chemi- 
cally different  from  their  parent  molecules,  their  formation  represents 
a  variety  of  chemical  change.  The  change  does  not  involve  any 
chemical  interaction  with  the  water.  It  is  simply  a  dissociatioii, 
i.e.  reversible  decomposition  of  the  dissolved  substance. 

From  the  fact  that  the  proportion  of  molecules  ionized  is  shown  t) 
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become  greater  &s  more  and  more  of  the  solvent  is  added  (p.  206), 
and  that  removal  of  the  solvent  diminishes  the  proportion  of  ions  to 
molecules,  and  finally  leaves  us  the  substance  entirely  restored  to 
the  molecular  condition,  we  know  that  this  is  a  reversible  action  and 
therefore  a  true  dissociation.  The  molecules  and  their  ions  adjust 
themselves  like  the  constituents  in  any  case  of  chemical  equilibrium 
(pp.  174-180): 

Naa  ^  Na-  +  CI'. 

The  chemical  behavior  of  substances  in  ionic  equilibrium  will  be 
discussed  in  the  next  chapter  (see  p.  234). 

*  The  mode  of  formulation-  previously  used   (p.  180)  may  be 


K  = 


employed  here.     If  [NaCl],  [Na'],  and  [CI*]  stand  for  the  molecular 
concentrations  (numbers  of  moles  per  liter)  at  equilibrium  of  the 
molecules,  and  the  two  ions,  respectively,  we  have  an  equihbrium 
constant  (c/  p.  181),  in  this  case  called  the  toniiation  constant: 
fNa-]  X  [CI'] 
[NaCl] 

When  we  dissolve  a  single  substance  which  pvea  only  two  ions,  the 
molecular  concentrations  of  the  ions  are  necessarily  equal.  When 
some  other  ionogen  with  a  common  ion  is  present,  however,  the 
values  of  [Na"]  and  [Cl'J  will  be  different. 

*  Ttua  paragraph  is  not  required  for  undeiatanding  anything  that  immedi- 
ately follom  (pern  Chap,  izxiv}. 
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Appiicationa:    To    the    InterpretaHan    of    CondueHrUf 

Mfosurements*  —  We  have  seen  that  when  the  solution  of  an 
ionogen  is  diluted,  the  proportion  of  ions  to  undiasociated  molecuks 
increases,  while  removal  of  a  part  of  the  solvent  has  the  oppoate 
effect  (p.  224).  Now,  a  change  in  the  number  of  ions  natursDr 
modifies  the  capacity  of  the  liquid  for  canying  electricity,  so  thi 
observation  of  the  changes  in  the  conductivity  of  a  solution,  wha 
the  concentration  is  altered,  supplies  the  simplest  means  of  studying 
the  phenomena  of  ionization. 

A  glass  trough  and  amperemeter  *  (Fig.  53)  may  be  used  to  ilhis- 
trate  this  principle.  The  electrodes  are  long  strips  of  copper  foi 
which  pass  down  at  the  ends  of  the  trough.  After  placing  the  two 
instruments  in  circuit  with  a  source  of  electricity,  we  first  pour  \m 
pure  water  into  the  cell.  With  this  arrangement,  the  amperemeter 
docs  not  indicate  the  passage  of  any  current  of  electricity.  Con-  I 
centrated  (36%)  hydrochloric  acid  is  next  cautiously  added  through  I 
a  long-stemmed  dropping  funnel,  so  that  it  forms  a  shaUow  layer 
below  the  water,  and  the  funnel  is  \vithdrawn.  The  situation  at  this 
stage  is  that  a  definite  amount  of  hydrogen  chloride  dissolved  in  a 
small  amount  of  water  fills  what  was  before  a  gap  in  the  electric 
circuit.  The  deflection  of  the  needle  in  the  amperemeter  indicate? 
that  a  certain  current  of  electricity  is  able  to  pass  through  this  acid. 
When  wc  now  stir  the  surface  of  the  acid  very  gently  with  a  thin 
glass  rod,  the  amperemeter  instantly  responds,  showing  an  increase 
in  conductivity.  As  we  stir,  the  conductivity  increases,  and  the 
increa.se  ceases  only  when  the  liquid  has  become  homogeneous. 
Introduction  of  an  additional  supply  of  water  will  improve  the  con- 
ductivity still  more,  but  the  effect  becomes  less  and  less,  until  no 
change  on  farther  dilution  is  perceptible.  Reasoning  about  these 
effects,  wc  i)erceive  that  the  amount  of  hydrochloric  acid  has  not 
altered  during  the  exix^rinient.  Yet  the  quantity  of  conducting 
material  between  the  electrodes  must  have  become  greater,  for  the 
carrying  power  of  the  whole  has  improved.  We  were  therefore 
observing  the  progress  of  a  chemical  change  of  the  nonconducting 
hydrogen  chloride  into  a  conducting  material.  In  terms  of  the 
h^-pothcsis,  hydrogen  chloride  molecules  do  not  carry  electricity 

♦  An  amp)eremoter  of  low  rraiRtance,  0.5-1  ohm,  must  he  used.     The  current 
(direct,)  passinp  from  the  dynamo  throufrh  one  (or  two)  32-candle  lampi, 
after  being  reduced  to  8-10  volts  by  means  of  a  suitable  shunt,  may  be 
ployed. 
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{p.  214),  but  the  hydrogen  and  the  chloride  ions  into  which  it  was 
p-adually  altered  by  chemical  change  do.  Furthermore,  the  change 
practically  ceased  at  great  dilution,  for  the  dissociation  into  ions 
was  then  practically  complete.  If  we  could  conveniently  have 
started  with  only  liquefied,  dry  hydrogen  chloride  in  the  cell,  we 
should  have  observed  the  whole  range  of  changes  from  zero  to  the 
maximum. 

When  a  saturated  solution  of  cupric  chloride  is  used  instead  of 
hydrochloric  acid,  dilution  is  accompanied  by  a  similar  improve- 
ment in  conductivity.  Here  we  notice,  besides,  that  the  yellowish- 
green  liquid,  with  which  we  start,  changes  to  a  pale  blue,  as  the 
yellowish -brown  molecules  of  cupric  chloride  are  dissociated  and  the 
color  of  the  solution  becomes  more  exclusively  that  of  the  copper 
ions.  When  the  solution  has  become  perfectly  blue,  further  dilution 
is  seen  to  afTect  the  conductivity  but  slightly. 

Reasoning  still  further  about  these  phenomena  we  see  that,  if  we 
start  with  a  fixed  amount  of  a  given  substance,  the  conductivities  at 
different  stages  of  the  dilution  must  be  proportional  lo  the  numbers  of 
ions,  and  the  maximum  conductivity  attainable  by  great  dilution 
must  represent  the  effect  when  Ihe  whole  malarial  has  become  ionic. 
Thus,  if  the  conductivity  at  the  maximum  is  represented,  say,  by  5, 
then  at  the  dilution  where  the  conductivity  b  2,  the  proportion  of 
the  whole  which  ia  ionized  is  2/5.  When  the  conductivity  becomes 
4,  4/5  of  the  molecules  are  dissociated  and  the  degree  of  ionization 
is  ,S.  When  the  conductivity  becomes  5, 5/5,  or  all,  of  the  molecules 
are  dissociated.  For  example,  in  hydrochloric  acid,  if  we  take  the 
normal  solution  (p.  99)  containing  36.5  g.  of  acid  per  liter  as  the 
unit  of  concentration,  the  fractions  ionized  at  various  concentrations 
are  as  follows:  lOjV,  0.17;  A^,  0.7S;  AT/IO,  0.91;  iV/100.  0.96. 
Thus,  measurements  of  conductivity  enable  us  to  study  the  ionic 
decomposition  of  all  ionogens,  and  to  state  accurately  the  fraction 
ionized,  at  each  concentration,  in  solutions  of  every  ionogcn.  This 
information  is  obviously  most  valuable,  for  it  places  us  in  a  position 
to  know  the  exact  constitution  of  every  solution  we  use  in  the 
laboratory.  In  the  following  section  the  data  on  which  such  knowl- 
edge can  be  ba-icd  is  given.  In  the  next  chapter  the  mode  of 
applying  the  data  is  explained. 

Constitution  of  Solutions  of  Tonogenn:  Frartionn  lonixed.^ 

B  dUiit«  uida  used  in  the  lalwratory  are  gi^ncrally  of  six  times 
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normal  (6.V)  concentration.  But  often  we  add  only  a  drop  or  tiro 
to  a  large  bulk  of  liquid,  so  that  the  acids  are  oomxnonly  very  dilute 
as  actually  employed.  The  loliitknis  of  sate  are  of  differmt  strengths, 
but  the  great  majority  are  of  normal  (.Y),  or  even  smaUer  ooncentn- 
tion.  In  practice  they,  also,  are  still  further  considerably  diluted 
before  use.  If,  therefore,  we  give  the  tactioiis  **w<fMl  (total  mok- 
cules  =  1)  in  decinomial  sohitiona  (except  where  otherwise  specified), 
the  reader  will  be  able  to  estimate  rou^y  the  proportion  of  each 
kind  of  ions  in  any  application  of  the  reagent.  In  the  case  of  acids 
containing  more  than  one  displaceable  hydrogen  unit,  the  kind  of 
ionization  on  which  the  figure  is  based  is  indicated  by  a  period. 
Thus  H.HCO3  means  that  the  whole  of  the  ionization  is  assumed  to 
be  into  H'  and  HCO,'. 

FRACTION  IONIZED. 


Acids. 


Nitric  acid      0.92 

Nitric  acid  (cone,  62^^^)    .    .0.096 

Hydrochloric  acid 0.91 

Hydrochloric     acid     iconc, 

357c) 0.136 

Sulphuric  acid.  H.H.SO,   .    .  0.58 

Sulphuric  acid  (cone,  95^J  )  0.01 

Hyarofluoric  acid 0.15 

Oxalic  acid.  H.HaO,     .    .    .  0.50 

Tartaric  acid,  H.lfT  ....  0.03 

Acetic  acid  (X) 0.004 

Acetic  acid 0.013 


0.0017 


Carbonic  acid,  H.HCO,     .    . 
Carbonic      acid,       HJHCO. 

(.v/25) com 

Hydrogen  sulphide,  H.HS    .  O.0007 
Boric  acid,  H.H^O,  .    .    .    .0.0001 

Hydrocyanic  acid 0.0001 

Permanganic  acid  (.V/2)    .    .0.93 
Hydrioiiic  acid  (A'/2)     ...  0. 
Hydrobromic  acid  (.V/2)  .    .0, 
Perchloric  acid  (.Vy2)     .    .    .0. 

Chloric  acid  (.V/2) 0. 

Phosphoric  acid,  H.H,PO^    .   0. 


90 
90 
88 
88 
26 


Bases. 


Potassium  hydroxide     .    .    .0.89 

Sodium  hydroxide 0.84 

Barium  hydroxide 0  80 

Lithium  hydroxide  (.V)     .    .  0.63 
Ammonium  hy(iroxi<ie  .    .    .  0.014 
Tetramethvlammonium   hv- 
droxide  (.V/16)     .    .    .    .'  .  0.96 


Strontium  hydroxide  (A'/64)  0.93 
Barium  hydroxide  (.V/64)  .  0.92 
Calcium  hydroxide  (*V/64)  .  0.90 
Silver  hydroxide  (AT/ITSS)  .  0.39 
Water  ." 0.0,1 


Salts. 


Potassium  chloride     .   .    .    .0.86 

Potassium  nitrate 0.83 

Potassium  acetate 0.85 

Potassium  sulphate  ....  0.71 
Potassium  carV>onate  .  .  .  (0.70) 
Potassium  chlorate  .  .  .  .0.82 
Ammonium  chloride  .  .  .  .0.85 
Sodium  chloride  (-V)  .  .  .  .0.67 
Sodium  chloride  (A'/2)  .    .    .  0.73 

Sodium  chloride 0.84 

Sodium  nitrate 0.83 

Sodium  acetate 0.78 

Sodium  sulphate 0.69 


I 


Sodium  bicarbonate, 

Na.HCO,(A') (0.52^ 

Sodium  phosphate, 

Na,.HPO,  (AV32)     ....   0.83 
Sodium  tartrate  (A'/ 32)  (0.78). 

Barium  chloride 0.76 

Calcium  sulphate  (-V.  100)     .   0.03 

Cupric  sulphate 0.38 

Silver  nitrate 0.81 

Zinc  sulphate 0.39 

Zinc  chloride 0.73 

Mercuric  chloride    .    .    .      (<0.01) 
Mercuric  cyanide Minute 
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0  In  addition  to  their  use  in  showing  the  nature  of  the  reagents 
r  employed  in  the  laboratory  (p.  227) ,  these  numbers  show  also  to 
E  what  extent  any  pair  of  ionic  substances  will  unite  when  mixed 
5  (see  pp.  233-234),  and  they  likewise  indicate  the  chemical  activity 
r  of  the  ionogens  when  in  solution  (see  next  section). 

1  MeUUion  of  Ionization  to  ChenUcal  Activity.  —  These 
tables  may  be  used  for  reference.  The  import  of  the  following 
general  statements,  drawn  from  the  tables,  should  be  memorized: 

1.  Salts,  with  the  exception  of  those  of  mercury,  are  all  well 
ionized.  In  actions  involving  their  ions,  salts  are  therefore  all  of  the 
same  order  of  activity,  for  a  dilute  solution  of  every  salt  contains  a 
large  amount  of  the  ionic  components. 

2.  Acids  show  the  most  extreme  differences  in  their  degrees  of 
ionization.  That  is  to  say  their  solutions  must  contain  very  different 
concentrations  of  hydrogen-ion.  Since  their  activity  as  acids 
depends  on  this  substance  (p.  208),  and  the  activity  of  a  substance  is 
proportional  to  its  concentration  (p.  180),  it  follows  that  acids  will 
show  very  great* differences  in  apparent  chemical  activity.  At  this  point, 
therefore,  we  emerge  from  semi-physical  discussion  of  the  subject  and 
reach  something  of  definite,  practical  application  in  chemical  work. 

The  data  show  that  acids  may  be  divided  roughly  into  four  classes 
with  different  degrees  of  acidic  activity: 

(a)  The  ionization  in  decinormal  solution  exceeds  70  per  cent;  e.g. 
nitric  acid  and  hydrochloric  acid.  These  are  the  acids  which  are 
chemically  most  active,  for  their  solutions  contain  a  relatively  high 
concentration  of  hydrogen-ion. 

(6)  The  ionization  is  between  70  and  10  per  cent;  e.g,  sulphuric 
acid  and  phosphoric  acid.  These  acids  are  noticeably  less  active, 
for  their  solutions  contain  a  lower  concentration  of  hydrogen-ion. 

(c)  The  ionization  is  between  10  and  1  per  cent;  e.g.  acetic  acid. 
These  are  the  weaker  acids,  for  their  solutions  contain  a  very  small 
concentration  of  hydrogen-ion. 

(d)  The  ionization  is  less  than  1  per  cent;  e.g.  carbonic  and  boric 
acids.  These  are  the  feeble  acids,  for  their  solutions  contain  only 
a  minute  concentration  of  hydrogen-ion. 

3.  The  bases  show  two  classes: 

(a)  Ionization  high;  e.g.  potassium  hydroxide.  These  bases  are  ac- 
tive, for  their  solutions  contain  a  high  concentration  of  hydroxide-ion. 


an  acid  as  a  base. 

Eacerctaea,  —  1.  With  solutions  of  the  following  i 
state,  (a)  what  will  be  the  products  of  electrolysis,  (6)  wl 
ia  primary  or  secondary,  and  (c)  how  they  may  be  iaolal 
case:  Potassium  chlorate,  potassium  iodide,  potaBsimn  io 
sulphate,  sodium  peroxide. 

2.  Make  equations  (p.  220)  showing  the  ionic   and 
materials  in  solutions  of  potassium  bromide,  potasedun; 
sodium  periodate,  aluminium  chloride,  zinc  sulphate, 
charges  on  the  ions  and  give  the  name  of  each  ionic  substan 

3.  Prepare  lists  of  other  anions  and  cations  which 
encountered,  giving  the  formula  and  number  of  charges  of 
in  each  case. 

4.  If  the  conductivity  of  sodium  chloride  solution  at  the 
isIlO,  and  at  greater  concentrations  is  as  follows:  A',74.4;i^ 
iV/100,  103,  calculate  the  fraction  ionized  at  each  concm 

5.  If  the  conductivitj'  of  acetic  acid  solution  at  the  mi 
352,  and  at  greater  concentrations  is  as  follows:  lOY,  0.(M 
JV/10,  4.6;  jV/100,  14.3,  calculate  the  fraction  ionised 
concentration. 

6.  If  1  c.c.  of  dilute  hydrochloric  acid  (6iV)  is  added 
of  an  aqueous  solution,  what  is  the  reacting  concentrati 
acid? 

7.  mnsoifv  n)l  th*^  boSHr  in  t.h«  fjible  (n.  2281  accorHinw  f 


CHAPTER  XX 
lONIO   BUBSTANOES   AND   THEIB   IRTERAOTIONa 

In  Lliis  rhapt<?r.  after  enumerating  the  various  classes  at  ionogens, 
and  ibe  various  kinds  of  ionic  substances,  we  dis<-us.s  the  interactionii 
of  the  latter.  We  consider  first  the  relations  of  the  ionic  and  the 
molecular  substances  (in  equilibrium) when  a,  single  ionogen  is  present, 
and  then  take  up  the  ways  in  which  such  an  ionic  equilibrium  is  dla- 
ptaced.  Finally  we  diacusa  some  of  the  useful  ionif  interactions,  in 
which  the  equilibria  are  displace*!  so  far  that  pr:^(Ttical!y  complete 
interaction  occurs:  namely,  precipitation,  Deutrolization,  and  dia- 
pUcement. 

The  Claques  of  lonogena  i  STlxcd  lonogena  ami  Dotibte 
Salts.  —  Acids  are  classified  according  to  the  number  of  hydrogen 
units  in  their  molecules.  Thus  chloric  acid  HCIO,  It  a  monobasic 
acid,  sulphuric  acid  H,SO,  a  dibaaic  acid,  and  phosphoric  acid  H,PO, 
a  tribasic  acid.  These  terms  relate  to  the  fact  that,  in  oeutrolizatioo 
(pp.  189,  191)  the  acids  interact  with  one,  two,  or  three  molecules 
of  a  base  like  sodium  hydroxide. 

Bases  are  named  in  a  similar  way:  sodium  hydroxide  NaOH  is  a 
monoacid  base,  calcium  hydroxide  Ca(OH),  is  a  dlacld  base. 

Salts  like  KCl  and  Na,CO,  are  neutral  (sec  acid  ssdts,  below)  or 
normal  salu,  and  NaKCO,  and  Ca(OCl)Cl  (bleaching  powder,  p.  189) 
are  mixed  salts. 

The  most  interesting  classes  of  mixefl  snlt.s  are  the  acid  salts 
(p.  171)  and  the  bMic  salts.  In  acid  salts,  like  NaHSO,  (p.  1 1 7)  and 
KHjIK),  (p.  1 18),  all  the  hydrogen  of  the  acid  has  not  l>een  replaced 
by  a  metal.  In  basic  salts,  like  Ca(OH)Cl,  part  of  the  basic  hydroxyl 
remains. 

There  are  also  many  doable  salts,  like  ferrous-ammonium  sulphate 
(NH,)^,.FeS0„6H,0,  and  alum  [q.v.),  some  of  which  are  in 
common  use. 

All  these  substances  are  iooogcns  (p.  223).    The  mixed  and  double 

saiXa  are,  naturally,  dissociated  into  more  than  two  iooic  substances, 

>31 


presence  is  recognized  by  the  fact  that  it  turns  blue  lita 
Indicators,  below).  These  properties  serve  as  t«iU  to 
they  are  not  interfered  with  by  other  ionic  substances  wh 
present.  Hydrogen-ion  is  univalent  and,  when  comi 
negative  radicals  of  salts,  gives  the  (molecular)  acids.  T 
of  acids  depends  upon  the  concentration  of  the  hydrogE 
furnish  (pp.  208,  229),  and  therefore  upon  tb^r  solubili 
degree  of  ionization  of  the  dissolved  molecules.  Some 
little  hydrogen-ion  that  their  action  on  litmus  can  hardly  b 

Bmob  all  furnish  hydroxide-ion  OH'  and  sonse  positive 
stance  (cation),  K.OH,  NH^.OH,  Zn.(OH),.  Their  solul 
from  those  of  salts  in  the  constant  presence  of  hydroxide- 
the  absence  of  any  other  anion.  The  more  active  baa 
those  which  are  soluble  and  highly  dissociated,  so  that  tl 
high  concentration  of  hydroxide-ion,  are  called  alkAUa*. 
potassium  and  sodium  hydroxides.  They  are  often  nam 
alkalies  and,  individually,  caustic  potash  and  caustic  a 
solutions  are  called  lyes. 

HydraxidB-loa  is  a  colorless  substance.  Properties  whic! 
taita  for  bases  are  that  hydroxide-ion  possesses  a  soai:^ 
turns  red  litmus  blue  (see  Indicators,  Ijelow).  It  is  univi 
combines  with  positive  radicals  to  form  (molecular)  bases. 

Baits  furnish  positive  and  negative  ionic  substances,  whi< 
either   ample  or  compoate,   Na.CI,   Na.NO„   NH,.CI,    1 
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Lght  to  be  present  combines  to  form  an  insoluble,  molecular 
stance  of  known  color,  or  appearance,  and  examine  the  precipitate 
y  appears.    Thus,  when  the  presence  of  chloride-ion  CI'  ia  bub- 
we  may  add  a  solution  containing  ailver-ion  Ag',  expecting 
n  a  precipitate  of  silver  chloride  AgCl  (CI'  +  Ag"  — >  AgCl|). 
e  solutions  of  sails,  the  ions  are  almost  alivai/s  numerous  in 
Jppariaon  with  the  molecules  (p.  229),  so  that  salts  are  practically 
■active  and  their  solutions  almost  always  respond  readily  to  the 
i  for  the  ions  they  contain.     The  art  of  detecting  the  various 
c  substances  present  in  a  solution  constitutes  a  large  part  of  the 

1  of  chemistry  called  qualitative  analysis, 
1  the  known  ionic  substances  are  found  in  solutions  of  salta. 
e  only  ions  which  are  not  characteristic  o(  salts,  although  some- 
times occurring  in  their  solutions  (see  acid  and  basic  salts,  above), 
are  hydrogen-ion  H",  and  hydroxide-ion  OH'. 

It  will  assist  the  reader  if  the  following  facts  are  kept  in  mind. 
The  elements  which  can  form  a  simple  poative  ion  are  the  metallk 
elements  (p.  82,  and  see  Chaps,  xxiii  and  xxxii).  Non-metallic 
elements,  like  nitrogen,  may  be  present  in  a  positive  ion,  as  in  NH,', 
but  never  exclusively.  In  other  words,  we  know  no  such  substances 
as  nitrogen  sulphate,  or  carbon  nitrate.  Conversely,  the  metals 
are  frequently  found  in  the  negative  ion,  but  never  constitute  it 
excluMvely.  They  are  then  usually  associated  with  oxygen,  as  in 
MnO/.  and  CrjO,'. 

The  Ionic  Equilibrium  with  n  Single  lonogen.  —  In  the 
ionization  of  a  molecular  substance,  the  chemical  change  is  incom- 
plete and  the  Bystem  reaches  a  condition  of  equilibrium  (p.  225). 
The  action  is,  therefore,  reversible,  and  there  are  thus  hm  rmdei  to 
the  same  equilibrium  point.  This  fact  must  not  be  forgotten,  for 
we  have  to  consider  the  union  of  ionic  substances  nven  more  often 
than  the  converse  change.  Now,  the  d«gn«a  ot  ioniiation  of  various 
ionogens  tell  ux  the  liH'iilicm  of  the  equililmum  point,  and  therefore 
Um  extent  ot  the  chemical  chang«  involved  in  reaching  this  point  by 
either  nmte,  that  is,  either  by  the  dismciation  of  molecules  or  by  the 
union  of  ions.  In  a  class  ot  interactions,  of  which  all  are  incomplete, 
and  only  those  are  interesting  and  useful  which  approach  complete- 
Deas,  we  require  some  means  of  knowing  which  are  complete  and 
f  they  are  so.  The  table  of  fractions  ionized  i.p.  l^S)  supplies 
t  of  the  required  information. 


234  COLLEGE  CHEMISTRT 

To  illustrate,  take  the  case  of  a  single  ionogen.  When  we  pliee 
hydrogen  chloride  in  decinormal  solution,  0.91  of  the  xnolecuIeB  d» 
sociate.  Conversely,  when  we  start  with  the  hydrogen-ion  anl 
chloride-ion,  say  by  mixing  two  solutions  each  of  which  contains  one 
of  them,  then  1-0.91,  or  only  0.09  of  these  ionic  substances  vit 
combine. 

This  exemplifies  the  case  of  an  active  acid.  The  following  eqiw- 
tions  show  the  data  for  six  typical  substances,  namely^  two  ad(k 
two  bases,  and  two  salts: 

(  9%)HC1  ^H-  4-  a'(91%),  (98.7%)HC^,0,5=±H-  +  C,HA'(l^''c: 
(11%)K0H^K-  +OH'(89%),  (98.6%)NH,OH  ?=^NH/  +  OH'(U7 
(16%)NaCl^Na-+Cl'(84%),         (62%)CuSO,      ♦z^Cyu'-     +SO/'(38r-! 

These  samples  are  chosen  to  illustrate,  in  each  pair,  the  extreme 
Thus,  with  potassium-ion  and  hydroxide-ion  little  union  takes  iJace, 
while  with  ammonium-ion  and  hydroxide-ion  the  union  is  practicaDj 
complete.  In  the  case  of  the  soluble  soZte,  however,  there  are  almost 
(p.  228)  no  cases  of  considerable  union  of  the  ions  in  dilute  solution 
The  case  of  water  is  one  of  the  most  extreme: 

(99.95%)  HjO^H-  +  OH'  (0.0,1%). 

Hydroxide-ion  and  hydrogen-ion  thus  unite  almost  completely. 

Similar  reasoning  enables  us  to  handle  the  more  complex,  but  vcnr 
common  case  of  the  mixing  of  two  ionogcns.  The  degrees  of  ionixa- 
tion  tell  us  the  exact  condition  of  each  system  separately,  before 
mixing.  The  result  of  the  mixing  is  best  understood  by  viewing  the 
change  as  consisting  in  a  displacement  of  each  of  the  equilibria  bv 
the  action  of  the  comp<incnts  of  the  other.  We  consider,  therefore, 
next,  the  displacement  of  ionic  ccjuilibria. 

The    Displacement    of   Ionic    Equilibria*  —  Equilibria  are 

displaced  by  changes  which  favor  or  disfavor  one  of  the  opposed 
actions  (p.  177).  There  may  be  cither,  (1)  a  physical  change  in  the 
conditions,  or  a  chemical  interaction  which  (2)  adds  to,  or  (3) 
removes  one  of  the  interacting  substances.  Each  of  these  mav  be 
illustrated  in  turn. 

As  an  example  of  the  first,  we  have  the  effect  of  chanirinff  the  ^wwmtf 
of  the  solvent  (p.  226).  Adding  more  of  the  solvent  reduces  the  con- 
centration of  the  ionic  materials  and  disfavors  their  union,  so  that 
it  indirectly  promotes  dissociation.    On  the  other  hand,  evaporat- 
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f  ofT  a  part  of  the  solvent  favora  the  encounters  of  the  ions  and 

motes  combination.     When  the  solvent  is  at  last  entirely  gone, 

I  whole  material  is  molecular  (p.  225). 

a  cases  where  the  ionic  and  molecular  substances  are  all  colorless, 

ea  can  be  followed  only  by  s  study  of  the  freezing-points 

lUar  properties  of  the  solutions  (p.  206).     But  when  the 

stances  are  of  different  colors,  tlie  changes  can  also  be  seen. 

!,  cupric  bromide  in  the  solid  form  is  a  jet  black,  shining,  cryatal- 

t  substance.     When  treated  with  a  small  amount  of  water  it 

I  solution  which  is  of  a  deep  reddish-brown  tint,  giving  no 

t  of  reaemblttiice  to  a  solution  of  any  cupric  salt.     This  doubtless 

wnts  the  color  of  the  molecules.     When  more  water  b  added, 

the  deep  brown  gives  place  gradually  to  green,  and  finally  to  blue. 
The  latter  is  the  color  of  the  cupric-ion  {Cu"),  and  is  familiar  in  all 
solutions  of  cupric  salts.  The  colorless  nature  of  solutions  of  potas- 
sium and  sodium  bromides  shows  that  bromide-ion  (Br')  is  without 
color.  Hence,  in  the  present  instance  it  is  invisible.  We  are  thus 
watching  the  forward  displacement  of  the  equilibrium: 

tCuBr,  (brown)  U  Cu"  (blue)  +  2Br'. 
1  g.  of  the  solid  is  taken,  it  dissolves  in  about  its  own  weight  of 
ter,  and  independent  measurement  shows  that  there  is  relatively 
little  ionization.  Hence  the  solution  is  deep  brown.  When  10  c.c. 
of  water  lias  Ijeen  added,  70  per  cent  of  the  salt  is  ionized,  and  the 
solution  is  green.  With  40  c.c.  of  water,  only  19  per  cent  remains  in 
molecular  form,  and  the  blue  color  of  the  cupric-ion  entirely  overbears 
the  tint  of  the  molecules.  If  we  now  remove  the  water  by  evapora- 
tion, all  these  changes  are  reverseil.  When  'SO  c.c.  of  the  water  has 
been  driven  off,  the  solution  is  green-  As  the  evaporation  of  the 
remaining  II)  c.c.  progresses,  the  brown  color  appears.  When  the 
water  ia  all  gone,  the  black  residue  remains.  Here  we  are  observing 
the  backward  displacement  of  the  equilibrium,  CuBr,  ^  Cu"  +  2Br'. 

2.  Cupric  bromide  may  be  usetl  to  illustrate  also  the  chemical 
methods  of  displacing  equilibria.  Thus,  we  may  show  the  offset  of 
adding  more  of  ons  of  the  reacting  labatancBB.  If,  at  the  green  stage, 
wedissoIvesolidpota.'isiumbromideintheHquid  (KBrrf  K'  +  Br'), 
the  increased  concentration  of   bromide-ion  causes  more  vigorous 

BTaction  of  the  ions,  and  the  molecules,  with  their  brown  color, 
e  prominent  again.     Adding  cupric  chloride  increa.sea  the  con- 
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centration  of  cupric-ion  and  has  the  same  eflFect.  In  either  cut, 
renewed  dilution  with  water  reduces  the  concentrations  of  all  tb 
ions  once  more,  the  molecules  become  fewer,  and  the  brown  odori 
displaced  by  the  blue  for  the  second  time. 

3.  Finally,  the  displacement  of  the  same  equilibrium  hj  nmmi 
one  of  the  interacting  sabstances  may  be  illustrated.  Thus,  if  the 
chocolate-brown  solution,  in  which  molecular  cupric  bromide  pre* 
dominates,  is  shaken  with  pulverized  lead  nitrate  (and  filtered),  tm 
changes  are  noticed.  A  pale  yellow  precipitate  of  lead  broznide 
appears  (Pb"  +  2Br'  — ►  PbBr,),  and  the  braum,  color  fades  M 
green.  Here  the  displacement  is  the  opposite  of  the  last.  Instad 
of  reinforcing  one  of  the  ions,  we  have  reduced  the  concentration. 
and  in  fact  almost  entirely  removed  one  of  them.  This  has,  naturally, 
stopped  the  interaction  of  the  Cu"  and  Br'  which  reproduces  the 
brown,  molecular  CuBr,.  Hence  the  dissociation  of  the  latter  has 
continued  to  exhaustion  of  the  whole  molecular  material. 

The  reader  will  find  that  the  behavior  of  these  ionic  equilibria,  and 
the  way  in  which  we  discuss  and  explain  it,  are  complete  paralleb 
of  the  behavior  and  explanation  in  the  case  of  ordinary  equilibria 
(pp.  91,  176),  which  should  now  be  reexamined.  The  Ulustratioos 
in  the  present  section,  and  particularly  the  third  (c/.  p.  183),  should 
be  considered  until  every  feature  is  perfectly  clear.  They  furnish  the 
key  to  understanding  the  applications  which  follow.  One  fact  must 
not  escape  notice,  and  that  is  that  in  none  of  the  three  instances  was 
the  forward  action  (the  dissociation)  in  itself  affected.  The  molecule 
of  cupric  bromide  have,  as  we  should  expect,  a  certain  tendency  to 
decompose.  No  encounters  between  these  molecules  are  required 
for  mere  decomposition.  Hence  their  decomposition  is  not  influenced 
by  their  nearness  to,  or  remoteness  from  one  another  (illustration  1). 
nor  by  the  presence  of  any  other  kinds  of  molecules  or  ions  (illustra- 
tions 2  and  3).  The  effect,  whether  it  involved  an  apparent  increase, 
or  a  diminution  of  the  dissociation,  was  always  accomplished  by 
altering  the  concentration  of  the  ionic  sribstances,  and  ihenifare  the 
activity  of  the  reverse  action. 

Applications  :  Double  Decomposition  in  SoiutUnu  —  We  aR 

now  prepared  to  consider  the  general  case  of  mixing  the  solutions  of 
two  ionogens. 
When  solutions  of  two  ionized  substances  are  mixed,  the  fint 
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I  ■flection  which  occurs  to  us  is  that  each  of  these  has  been  diluted 
ly  the  water  in  which  the  other  was  dissolved,  bo  that  (he  first  effect 
■'.  ill  be  toincreasethe  degree  of  ionization  of  both  to  a  certain  extent. 
The  next  consideration  ia,  however,  that  we  haveproducedamixture 
of  four  ions,  which  must  have  at  least  some  tendency  to  unite  cross- 
wise. Thus  potassium  chloride  and  sodium  nitrate  in  dilute  solution 
are  very  greatly  ionized  before  mixing.  The  reversible  actions, 
represented  by  the  horizontal  pair  of  the  following  equations,  have 
taken  place  extensively.  But.  by  mixing  the  liquids,  we  have 
brought  into  presence  of  one  another  two  new  pairs  of  positive  and 
negative  ions.  Hence,  two  other  reverable  actions,  the  vertical 
ones, 

Kar;K-     +C1' 
NaNO,  ^  NO,'  +  Na' 

IT       m 

KNO,      NaCI 

will  be  set  up  and  wUl  proceed  until  a  fresh  equilibrium  of  all  the 
ions  with  all  four  kinds  of  molecules  has  been  reached.  Thus  far 
the  description  will  fit  any  case  of  mixing  solutions  of  two  ionogens. 

Now,  in  this  particular  instance,  what  is  the  actual  extent  of  such 
interaction  as  has  occurred?  To  answer  this  question  we  require  to 
know  the  proportion  of  molecules  to  ions  in  a  solution  of  each  of  the 
four  salts.  In  decinormal  solutions  it  is  KCl,  14  :  86;  NaNO,,  17:83; 
KNO„  17  :  8.3;  NaCI,  16  :  84,  so  that  the  salts  are  all  equally  well 
ionized.  Furthermore,  in  a  dUule  mixture,  such  us  we  are  conader- 
ing,  the  proportions  of  ions  are  greater  than  these  figures  indicate. 
Hence,  practically  no  chemical  action  has  occurred. 

That  this  inference  is  correct  is  shown  by  independent  evidence. 
Thus  when  the  solutions  are  mixed,  no  thermal  effect  is  observable. 
Again,  if  the  solutioas  are  placed  in  a  cell  (Fig.  53,  p.  225),  so  that 
the  one  forms  a  layer  below  the  other,  no  change  in  conductivity  ia 
noticed  when  the  solutions  are  stirred  together.  Hence  no  changs 
in  the  number  of  ions  has  occurred. 

We  conclude,  then,  that  when  two  highly  ionized  substances  ate 
mixed,  tad  the  poasible  products  &r«  kIso  highly  loniMd,  aolubte  >ab- 
■tancea,  then  practically  no  chomic&l  action  occnn.  This  rule  applies 
to  all  soluble  salts  (p.  229)  and  to  the  highly  ionized  acids  and  h 

Conversely,  when  two  ionized  substances  are  mixed,  an  eztenalTa 
dwmical  chaogo  dou  auua  In  two  cases,  namely: 


!! 
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1.  When  one  of  the  possible  products  is  an  insoluble  subst 
prec^itation  occurs,  for  this  removes  the  ions  used  in  fon 
insoluble  body. 

2.  When  one  of  the  possible  products,  although  soluble 
!  '                       ionised,  as  in  neutralization,  for  this  likewise  removes  the  ions 

to  form  molecules  of  the  product.    We  proceed  therefore,  t 
I  these  two  important  classes  of  actions. 


■   )i 


■ 


[    :|  PrecipUatio9u  —  Atypical  case  of  precipitation  occi 

we  mix  dilute  solutions  of  silver  nitrate  and  sodium  chlorid 

NaCl  ij  Na     +  CV 
AgNO,  t5  NO/  +  Ag- 

it  it 

NaNO,       AgCl  (dslvd) 

.   I  AgCl  (soUd) 

Here,  since  the  four  substances  are  all  sails,  they  are  al 
ionized.  If  they  were  all  soluble,  then,  in  dilute  solutions, 
5  per  cent  of  each  salt  would  be  in  molecules  and  the  rest 
form.  But  the  vwlecules  of  silver  chloride  are  excessively  u 
In  aU  cases  of  precipitation,  we  look  up  the  solubiUtios  of  the 
products  (see  Table  of  solubilities  inside  the  front  cover).  ] 
find  that  one  liter  of  water  will  dissolve  only  0.0016  g.  silver  c 
So  the  concentration  of  the  AgCl  (dslvd)  becomes  almost  zero  t 
precipitation.  This  displaces  the  equilibrium,  for,  the  dissc 
having  thus  ceased,  those  of  the  ions  Ag'  and  CV  whicli  a 
are  not  replaced  by  others.  Ilcnce  the  silver  and  chlor 
disappear.    This  occurrence  affects  in  turn  the  equilibria  vri 

i    ,  and  XO3',  so  that  the  NaCl  and  AgNOg  become  completely  i 

Hence  the  concentrations  of  NaCl  and  AgNO.,,  of  Ag*  and  C 
of  the  dissolved  AgCl,  all  become  practically  zero  at  last.  T 
tem  finally  contains  only  a  procipitato  of  molecular,  solid 
chloride  and  a  solution  of  the  throo  substances.  Na'  4-  NO3'  ±=5  I 


1- 
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le  chief  change  that  has  as  yet  befallen  the  ions  of  aodium  nitrate  is 
jftt  they  have  been  transfen'ed  from  two  separate  vessels  into  one. 
Jtentially  the  salt  has  been  formed.  But  the  actual  union  of  its 
1,  to  ^ve  the  second  product  in  the  molecular  condition: 
Na"  -1-  NO,'-.NaNO„ 
mes  about  only  when,  at  some  subsequent  time,  if  at  all,  the  water 
Ifcvaporated  away. 

The  foregoing  formulation  and  explanation  apply  to  every  case 
I  mixing  ionogens  where  precipitation  occurs,  that  is.  where  the 
(ducts  are  insoluble  acids,  bases,  or  salts. 

I  JfeutraiizatUm.  —  Wc  may  now  consider  the  ea.se  of  mixing  bdIu- 

wo  ionDgeiu  where  one  in  an  Kid  and  one  a  base. 
I  The  general  plan  of  all  interactions  of  acids  and  bases  is  as  follows: 
HCl  1^  CI'    +  H' 
NaOHi=sNa'  +  OH' 

it     ir 

NaCl    H,0 

"he  ionization  of  the  hydrochloric  acid  reaches  0.61  in  a  decinormal 
solution,  and  goes  further  when  the  acid  is  diluted  with  the  water  of 
another  solution.  That  of  the  sodium  hydroxitle  similarly  goes 
I>cyond  0.84.  Thus  the  substances  in  the  solutions  before  mixing 
are  almost  entirely  ionic.  The  crossinTse  union.  H'  +  OH'  tu  H,0, 
however,  is  all  but  complete,  for  water  is  hardly  ionized  at  all  (p.  228). 
The  materials  on  whose  interaction  with  the  CI'  anil  Na",  respectively, 
B  mmntenance  of  molecules  HCl  and  NaOH  depends,  being  thus 
moved,  the  dissociation  of  the  acid  and  base  promptly  brin^  itself 
tompletion,  and  the  left  sides  of  the  etjuations  vanish.  Practi- 
illy  all  the  hydrogen-ion  and  hydroxide-ion  become  water,  which 
lenceforth  is  simply  a  part  of  the  solvent.  The  CI'  and  Na",  how- 
wer,  if  the  solution  is  now  1/20  normal,  unite  to  the  extent  of  0.13 
only.  If  it  is  more  dilute,  this  union  forms  a  still  smaller  factor  in 
the  whole  change.  Practically  it  is  negligible.  Now  all  that  ha.t 
been  said  of  thin  acid  and  base  will  apply  mutatis  mutandis  whenever 
any  active,  highly  ionized  acid  and  base  come  together.  Thus  we 
may  write  oso  simplo  eqnaUon  tor  all  neutrklUatloni  of  mUt«  acids  and 
'*"**'■  H*  +  OH'-^H,0, 

Ijtbout  omitting  anything  essential. 


nontraliution  applied  to  the  operation  of  mixing  an  acid 
Specifically,  the  absence  of  cSect  u[>oii  litmus  demoi 
absence  of  hydrogen-ion  H'  and  of  hydroxide-ion  OH', 
product,  and  confirms  the  theory. 

Again,  a  considerable  thermal  effect  accompanies  nei 
But,  in  the  cases  we  are  discussing,  that  is  where  activ 
acids  are  employed,  the  heat  liberated  by  use  of  equival 
(p.  99)  is  always  the  same,  namely  13,700  cal.  That  i 
the  same  confirms  our  theory,  for  practically  the  whol 
always  the  formation  of  18  g.  of  water  from  the  ions. 

Still  again,  when  we  place  the  acid  and  baae  in  the  ci 
p.  225),  BO  that  the  one  forms  a  layer  beneath  the  other, 
the  amperemeter  while  we  mix  the  solutions,  a  marked 
the  current  passing  through  the  cell  is  noticed.  This  al 
our  theory,  for  it  is  our  belief  that  one-half  of  the  ions, 
H*  and  OH',  disappear  as  such  during  the  action. 

When  less  highly  ionized  acids  or  bases  are  used,  the  onl; 
is  that  there  are  more  of  the  molecular  materials  preaent 
solutions  are  mixed.  But  the  removal  of  the  H*  and  01 
mits  the  molecules  of  the  acid  and  base  to  dissociate,  i 
final  products  are  water  and  the  ions  of  a  salt,  as  before 

The  foregoing  formulation  and  explanation  apply  to  &% 
mixing  ionogens,  where  a  very  slightly  ionized  substanc 
the  products,  that  is,  when  water,  or  a  feeble  acid,  or  a  i 
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0a  solution  of  an  alkali  of  known  concentration.  The  volume  of  the 
jlatter  which  is  required  for  the  purpose  is  observed.  If  the  alkali  is 
»|8odium  hydroxide,  the  action  taking  place  is: 

■  HCl  +  NaOH  ->  ILO  +  NaCl. 

■ 

g     The  volume  of  acid  is  measured  out  into  a  beaker  by  means  of  a 

j  pipette  (Fig.  54)  of  fixed  capacity,  which  is  filled  by  suction  to  the 
mark  on  the  stem.  Suppose  the  amount  to  be  25  c.c.  The 
standard  alkali  solution  is  placed  in  a  burette  (Fig.  55), 
which  is  filled  down  to  the  tip  of  the  nozzle.  A  few  drops 
of  litmus  solution  are  now 
added  to  the  acid,  and  the 
alkali  is  allowed  to  run  in 
slowly.  After  a  time,  the 
hydroxide-ion  which  this 
introduces  will  begin  to 
produce  a  blue  color,  close 
to  where  the  stream  enters 
the  liquid.  This  is  at  first 
dissipated  by  stirring,  and 
the  whole  remains  red. 
Finally,  however,  a  point 
is  reached  at  which  the 
entire  solution  assumes  a 
tint  intermediate  between 
blue  and  red.  With  one 
drop  less  of  the  base,  it  is 
distinctly  red.  With  one 
drop  more,  it  would  be- 
come distinctly  blue.  Lit- 
mus paper  of  either  shade 
dipped  in  this  neutral  solu- 
tion remains  unaffected. 

By  the  use  of  a  standard 
solution  of  an  acid,  the 
quantity  of  a  base  may  be  deter- 
mined in  the  same  way. 

The  standard  solutiona  used  in  this  work  are  usually  normal,  and 
contain  one  equivalent  weight  of  the  alkali  or  acid  in  one  liter  of  the 


a 
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great  rapidity.  The  calculation  at  tiw  mutt  U  alao  ample. 
of  normal  alkali  cont^ns  17  g.  of  avulable  hydroxyl,  and  i 
normal  acid,  1  g.  of  available  hydrogen  (p.  00).  £qm 
of  normal  aolutions  will  therefore  exactly  neutraliae  om 
18  g.  of  water  being  formed  by  Interaction  of  a  lit«r  of  eac 
the  neutralization  of  the  25  c.c.  of  hydrochloric  acid  used 
c.c.  of  normal  alkali  are  required,  the  acid  is  twioe-nor 
When  15  c.c.  are  required,  the  acid  is  ^j  or  }  JV.  If  the  act 
of  the  acid  in  the  latter  case  has  to  be  calculated,  we  reme 
there  are  36.45  g.  of  hydrogen  chloride  in  I  1.  of  a  norma 
and  therefore  36.45  X  2  X  igjo  g-  =  -5467  g.  in  26  c.c  of 
which  is  J -normal. 

Methods  of  quantitative  analysis  in  which  standard  sol 
employed  are  known  as  Tohunvtrie  methods,  and  are  mue 
analysts  and  investigators.  They  occupy  much  leas  time  t 
mstrlc  operations,  in  which  numerous  weighings  have  to 
and  are  often  just  as  accurate.  The  substances,  like  litmus, 
change  of  color  the  completeness  of  the  .action  is  made  !□ 
called  Indicaton  (see  below). 

Indicators.  —  Indicators  are  substances  which,  in  pr 
certain  other  substances,  assume  a  very  deep  color,  or  ohw{ 
from  one  deep  color  to  another.  Thus,  phenolphthal^n  it 
in  presence  of  acids  (t.e.,  hydrogen-ion),  and  red  (when  dill 
in  presence  of  alkalies  (i.e.,  bydroxide-ion).     litmus,  aga 
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and  in  neutral  or  add  solutions  ia,  therefore,  without  visible  color. 
When  a  base  ia  added  gradually  to  an  acid  containing  nome  of  this 
indicator,  the  acid  is  first  oeutralizeil.  Then,  and  not  till  then,  the 
slightest  excess  of  hydroxide-ion  unites  with  the  trace  of  hydrogen- 
ion  from  the  phenolphtbalein,  the  above  equilibrium  is  displaced 
forwards,  and  a  visible  amount  of  the  red  negative  ion  ia  formed: 

»c,.:  ..  , 
NaOH 


,.H„0.  (colorlees)  -;C„H,0/  (red)  +   H*  I  *~„n 
aOH  i=jNa'  +  OH'l  —  ^'^• 


■  Utmns  ia  a  natural  dyestuff  of  unknown  ohemicul  structure.  One 
of  its  colors  is  that  of  the  molecule,  and  the  other  that  of  the  ion. 

Methyl  otMogt.  (CH,)iNC,H..N  :  N.C.H.SOjNa,  ia  a  complex 
organic  compound  which  gives,  in  acid  solution,  a  red,  and  in  alkaline 
solution  a  yellow  color. 

Congo  red  is  the  sodium  salt  of  an  acid  of  complex  structure  (see 
Dyes).  In  neutral  or  alkaline  solutions  it  is  red;  with  acids  it  turns 
blue.  Paper  dipped  in  Congo  rod  differs  from  litmus  paper  in  that  it 
shows  gradations  in  color,  the  blue  being  much  more  distinct  with  an 
active  acid  than  with  a  relalively  weak  one  like  acetic  acid  (p.  229). 
Litmus  paper  is  equally  red  with  all  acids  save  the  very  feeblest. 

Dinplacement  !  The  ElectromoHre  Serie», —  In  the  preced- 
ing sections  we  have  dealt  with  cases  in  which  ionic  substances  nnder- 
w«nt  combination  or  lonogena  diuocUt«d.  This  is  one  of  five  kinds  of 
Ionic  chamic&l  change.  Of  the  remaining  four,  ionic  displacein«nt  ia 
the  one*  that  we  have  moai  frequently  encountered.  Thus,  certain 
metals  displace  hydrogen  from  dilute  acids  (p.  06) : 

Zn  +  H^SO.  —  ZnSO,  +  H,. 
These  interactions  do  not  occur  in  the  absence  of  water  (p.  6S),  and 
now  appear  in  a  new  light,  namely,  as  ionic  actions: 

Zn  +  2H"  +  SO,"  -►  Zn"  +  H,  +  SO,". 
The  molecular  sulphuric  acid  and  zinc  sulphate,  which  are  small  in 
amount,  are  omitt«d  because  they  do  not  take  part  in  the  change. 
On  looking  at  the  equation,  wc  perceive  that  the  sulphate-ion  is  also 
unaltered  by  the  action,  and  nmy  be  left  out  likewise: 
Zn  -V  2H*  -*  Zn"  +  H^ 
*  TV  di«obATg«  of  an  km  and  liberation  of  Its  material  in  alBCttalysls 
(pp.  04,  109,  31.5)  ii  fthnthpr.     Attention  will  be  rolled  to  the  remaining  two 
when  miitablo  illustrutiona  occur  {see  pp.  2&3,  iiZ). 


zinc,  give  hydrogen  faster  than  do  inactive  acids  (p. 
former  provide  a  higher  concentration  (p.  229)  of  hj 
that  is,  of  the  real  interacting  substance,  than  do  the  lal 
A  similar  diapiacement  of  negative  ions  has  beeD  met  wi 
'  164).  Thus,  chlorine  displaces  bromine  from  solutions 
bromidMon.  ^  ^  ^Br-  -  2C1'  +  Br,. 

Displacement  occurs  with  all  positive  ions.     Thus,  n: 
place  other  metallic  elements,  such  as  iron,  lead,  copper, 
from  the  ionic  conditions,  when  it  is  placed  in  solutions  of 
Zn  +  Cu'"-.Zn"  +  Cu. 

Here  the  copper  appears  as  a  red  precipitate.  Lead,  k 
displace  copper  and  silver,  bufnot  zinc  or  iron.  Copper  w 
ffllver.  Thus  the  metals  can  be  set  down  in  an  order,  suci 
metal  displaces  those  following  it  in  the  list  and  is  displace 
preceding  it.  This  list  (see  next  page)  is  known  as  the  •! 
bsiIbb  of  the  metals,  because  in  electrolysis  of  normal  b 
their  salts,  the  electromotive  force  of  the  current  required 
each  metal  is  less  than  that  for  the  metal  preceding  in  the 
present  purposes,  the  list  shows  the  metals  in  tba  etd«r  of  i 
tendoncy  to  ant«r  the  Ionic  from  the  elementary  condition. 

The  electromotive  series  embodies  many  facts  in  the  b 
the  metals,  and  should  be  kept  in  mind  as  fnnilehlng  a 
action!  In  which  a  ffee  metnl  li  tued  or  Droduced.     For  rat 
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alone.    The  relations  o£  the  metala  in  respect  to  com- 
itioa  with  elements  other  than  oxygen  are  similarly  expressed 
by  the  arrangement  in  this  table. 

The  position  of  hydrogen  is  particularly  aig- 
nificant.  It  will  be  noted  that  none  of  the  metals 
preceding  hydrogen  are  found  free  in  nature  as 
ordinary  minerals,  while  all  of  the  metals  suc- 
ceeding hydrogen,  although  occurring  to  some 
extent  in  combination,  are  found  also  free.  The 
explanation  ot  this  is  that,  by  prolonged  action 
upon  ordinary  water,  containing,  as  it  must,  car- 
bonic acid  and  other  sources  of  hydrogen  ions, 
the  metals  preceding  hydrogen  must  eventually 
displace  hydrogen-ion  and  pass  into  some  form  of 
combination.  The  metals  following  hydrogen 
do  not  displace  hydrogen-ion  and  are  therefore 
much  less  affected  bj'  the  agencies  which  are  most 
active  in  the  chemical  transformation  of  min- 
erals. Hence  they  often  remain  in  the  free 
stat«. 

The  negative  ions  can  be  arranged  in  order  in 
a  similar  way. 

To  avoid  a  common  misconception,  it  must 
l>e  noted  that  the  electromotive  series  cannot 
be  used  to  explain  the  tendency  of  one  radical 
to  dislodge  another  in  double  decompositions. 
The  place  of  an  element  in  the  EM.  series  defines 
its  relative  activity  when  free,  and  has  to  do  only  with  actions 
where  one  free  element  diaplacea  (p.  68)  another.  The  inffuences 
which  determine  a  double  decomposition  (c/.  pp.  184,  1S7)  are  such 
as  the  insolubility  of  a  compound.  Thus,  potassium  bromide  solution 
will  slowly  convert  a  precipitate  of  silver  chloride  into  one  of  silver 
bromide:  AgCl+KBr-»AgBr+KCl.  This  occurs  because  silver 
bromide  is  the  less  soluble  salt.  But  free  bromine  never  displaces 
chlorine  from  binary  combination  with  a  metallic  element. 


I   Electromotive 

SnaiEB    or    THE 

Metals. 

Alkali  metaU  (.q.v.) 
Alkaline  eurlli 
meloU  (q.r.) 
Magnesium 
Aluminium 
Hangaoeae 

Chromium 
Cadmium 

Cobalt 
Niekel 

Tin 

Bydrogen 

Areenic 

Copper 

Antimony 

Bismuth 

Mcrauiy 

Silver 

Palladium 

Platinum 

Gold 


tlon-IoHie  MotUa  of  Forming  tonogena. —  While  ionogens 
may  always  be  made  by  the  union  of  the  proper  ions,  they  must 
nevertbdeas,  in  the  absence  of  the  solvent,  be  regarded  as  chemical 


ftCKi  (p.  Oil,  nypoi^orous  acia  \p.  laij,  and  many  ot 
no  fonnod.  Hydrogen  fluoride,  chloride,  bromide  an 
all  prmliiriblc  by  union  of  the  constituent  elements. 
art)  formed  from  others  when  the  latter  are  heated- 
j>orrhlorir  acid  from  chloric  acid  (p.  196). 

Bm«b  arc  formed  by  the  union  of  oxides  of  metali 
(p.  SI). 

Ttip  dr>'  vrays  of  forming  s&lti  are  very  numeR>ua. 
nrp  produced  by  direct  union  of  the  elements,  as  in  the 
riden  (p.  1  i;i),  sulphidcfl  (p.  20),  and  other  aimple  aalts 
niado  by  rc<luction  or  oxidation  from  other  salts,  as  pot 
ride  from  t>ot;i'S.sium  chlorate  (p.  47),  or  potassium  peic] 
Ihc  hillcr  (p.  lIHi).  Often  a  reducing  or  an  oxidizing  aj 
tiH  in  making  Rodium  nitrite  (q-v.)  from  the  nitrate, 
oxygen  Halts  can  be  obtained  by  the  union  of  two  oxides 
carl>onafe  (q-w)  from  calcium  oxide  and  carbon  dioxid 
nium  salts  am  formed  by  combination  of  ammonia,  whii 
ionogpii,  with  ncida  (p.  121). 

lu  lu.inufacturing  salts,  methods  like  the  above,  aa  w 
involving  ionic  actions,  are  very  commonly  ujsed.  In  ea 
cheapest  and  most  easily  accessible  materials  ue  chose 
least  expensive  operation  is  selected. 

Exeretse*. —  1,  Give,  for  each  of  the  following,  a 
t.r.  oonciao  description,  in  terms  of  experimental  facts:  at 
111.  1S7.  20n.  base  fnn.  81.2011.  salt  fn.  1871.  acid  salt,  i 
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I B.  Give  a  list  of  all  the  colorless  ionic  subetancea  you  can  think  of. 
|0.  Using  the  table  of  fractions  ionized  (p.  228),  prepare  lists  of 
e  pairs  of  ionic  substances  which  show  the  greatest,  and  the  least 
ndency  to  combine,  and  state  lo  each  case  the  proportion  com- 
ing in  decinormal  solution. 
I  7.  In  the  case  of  the  green  solution  of  cupric  bromide  (p.  235), 
[plain  in  detail  (p.  179)  the  effect  of  the  addition  of  potassium 
!omide, 
1  8.  In  the  caae  of  the  chocolate-brown,  concentrated  solution  of 
upric  bromide  (p.  235),  explain  in  detail  what  would  happen  to  the 
retem:  (o)  if  metallic  zinc  were  to  be  added  (p.  244);  (b)  if  hydrogen 
Ulphide  gas  were  to  be  led  into  the  solution  (CuS  is  insoluble). 
r  9.  Formulate,  after  the  models  on  pp.  237  and  238,  and  discuss 
lily:  (a)  the  interaction  of  dilute  sulphuric  acid  and  potassium 
manganate  (p.  213] ;  (b)  the  preparation  of  chloric  acid  (p.  195). 
What  is  implied  by  the  statements,  that  peroxides  are  salts 
i  that  hydrogen  peroxide  is  feebly  acid  (p.  212)? 

11.  Formulate  after  the  model  on  p.  238,  and  discuss  fully,  the 
bteraction  of;  (a)  sodium  peroxide  and  hydrochloric  acid  (p.  211); 
1^)  barium  peroxide  and  sulphuric  acid. 

12.  Can  you  invent  an  interaction  of  two  soluble  salts  In  which 
toth  products  shall  be  insoluble  (see  Table  of  solubilities,  inside  of 
ront  cover)? 

13.  For  the  neutralization  of  77  c.c,  of  a  certain  alkaline  solution, 
25  c.c.  of  normal  hydrochloric  acid  are  required.  What  is  the  normal 
concentration  of  the  alkali?  If  the  alkaU  was  sodium  hydroxide, 
what  weight  of  the  substance  was  present?  If  the  alkali  was  barium 
hydroxide,  what  wei^t  of  it  was  present? 

14.  Formulate  (p.  243)  the  actions  of  iron  and  of  aluminium  on 
dilute  hydrochloric  acid. 

15.  Formulate  (p.  244)  the  displacements  of  iodine  by  chlorine 
and  by  bromine  (p.  166). 

16.  Which  metale  (p.  245),  beside  platinum,  would  be  moat  hkely 
0  form  suitable  electrodes  for  an  electrolytic  cell? 

17.  To  which  classes  of  ionic  actions  do  those  of  iodine  on  hydro- 
1  sulphide  (p,  167),  and  of  magnesium  on  cold  water  (p.  M), 
long? 

1 18.   Give  all  the  different  ionic  interactions  by  which,  («)  acida, 
^  bases,  and  (c)  salta  are  prepared,  with  illustrations  of  each. 
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Jfnnufarfure.  —  M-.'-":  ^:Iphir  ii  obtained  bv  the  simple  proctf 
of  r:iel*.:r*2  ii  iviv  fr-jm  •.he  acctjrr.panying  volcanic  rock  at  a  low 
t^rrnpfrrar  ;r^.  TVie  lie;  lil  --'ilphir  l=  allowed  to  run  into  woodeo 
mo!'!-?,  ir:  u-hy-h  ir  =<j:i  Lif.fr;  in  the  form  of  roll  m^ihiir.  To  {xoducr 
the  bfrst  qi&i;*y  it  is  .i:hje<^re1  to  distillation  from  earthenwaic 
retorts.  When  the  vip^jr  is  Wi  into  a  large  brick  chamber,  it  ccm- 
den-ie?!  up^jn  the  walls  and  flo^jr  in  the  form  of  fiofw«n  of  ra^pfaur. 

The  greuter  part  of  the  sulphur  of  commerce  comes  from  Sicily. 
where,  in  ISOS.  447.000  tons  were  manufactured  against  41.000  tons 
el.sewhero.  It  i.s  found  in  Japan.  California.  Nevada,  and  Louisiana. 
Sulphur  i.s  popularly  known  as  brimstone. 

Phy9ical  Properties.  —  The  chief  physical  peculiarity  of  sulfdiar 
is  that,  instead  of  existing  in  three  physical  states  only,  like  wato",  it 
possesses  two  familiar  and  perfectly  distinct  solid  forms  and  two 
different  liquid  states  of  aggregation. 

1 .  Native  sulphur  is  yellow,  has  a  sp.  gr.  2.06  and  melts  at  1 14.P. 
It  is  almost  insoluble  in  water,  but  dissolves  freely  in  carbon 
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pbide  (41  parts  in  100  at  18").    The  crj-stals  of  native  sulphur,  as 
well  as  those  obtained  by  evaporating  a  soiution,  belong  to  the  rhom- 
bic aystem  (Fig.  1,  cf.  p.  6).     Roll  sulphur  is  the  same  substance 
as  these  two,  although  the  crystals  in  their  growth  have  iuterfered 
with  one  another,  and  the  mass  is  ciTaUlliiu,  simply,  and  not  w«U 
cryttalliied.    This  variety  is  called,  from  its  form,  rhombic  sulphur. 
^     2.   When  a  large  mass  of  melted  sulphur  solidifies  slowly,  and  the 
~  crust  is  pierced  and  the  remaining  liquid  poured  out  tefore  the  whole 
_  has  bec(jme  solid,  the  interior  is  found  to  be  lined  with  long,  trans- 
_  parent  needles.     This  kind  of  sulphur  is  nearly  colorless  and  has  a 
■  sp.  gr.  1.96,  melts  at  119°,  and  is  in  all  phyacal  respects  a  different 
'  individual  from  rhombic  sulphur.     This  variety  is  named,  from  the 
system  to  which  its  crystals  belong,  monocllnic  Bulpbur. 

A  substance  which  has  two  solid  states  of  aggregation  and,  there- 
fore, two  erj'stalline /orma,  is  sdd  to  be  dimoiphous  (two-formed). 

3.  When  melted  sulphur  is  heated,  it  undergoes  another  change, 
which  is  especially  noticeable  near  160°.  The  formerly  pale-yellow, 
mobile  liquid  (S»)  suddenly  becomes  dark-brows  in  color  and  so  via- 
cou»  (S^)  that  the  vessel  may  be  inverted  without  loss  of  material. 
Beyond  260°  the  viscidity  becomes  less,  and  at  445°  the  liquid  boils 
and  passes  into  sulphur  vapor. 

Wlien  ordinary  sulphur  is  boiled  and  then  allowed  slowh/  to  cool, 
ihe  pnxluct  is  crystalline  and  soluble  in  carbon  disulphide,  as  before. 
!lut  when  sulphur  is  boiled  and  then  suddenlij  rhillcd  by  pouring  into 
c<ild  water,  it  la  at  first  semi-fluid.  After  several  days  this  elastic 
»:ulphur,  as  it  ia  called,  becomes  hard.  It  is  then  found  to  contiun 
rlinmbic  sulphur  mixed  with  a  large  proportion  of  another  variety 
iif  free  sulphur.  This  is  almost  insoluble  in  any  solvent.  Being 
without,  crj-stalline  structure,  it  is  called  unoipboua  (Gk.  il  priv., 
liop<t)ii  form)  sulphur.  Now  amorphous  Ixiilies  (see  Ola.*;)  are  alwaya 
supercooled  liquids,  that  is.  liquids  still  existing  as  such  at  a  tem- 
perature at  which  the  solid,  crystalline  form  is  the  stable  one.  This 
b  simply  the  brown,  viscous  sulphur  (%)  in  a  supercooled  state.  It 
reverts  ven.-  slowly  to  the  soluble  variety,  and  years  are  required  for 
the  completion  of  the  reversion  at  room  temperature. 

Chemie^tt  Propfrtiet.  —  ,\t  low  temperatures  and  under  reduced 
pressure,  the  formula  of  sulphur  vapor  is  ^.  As  the  temperature  is 
raised,  however,  the  vapor  expands  very  rapidly,  and  at  SOC  the 
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molecular  weight  is  64.2,  and  the  formula  therefore  8,  (p.  14(1 
The  formula  of  dissolved  sulphur,  as  measured  by  the  freeang-poiB 
method  (p.  205),  is  S,. 

Sulphur  is  an  active  chemical  substance.  When  finely  dhride 
metals,  with  the  exception  of  gold  and  platinum  (</.  p.  245),  n 
rubbed  together  with  powdered  sulphur,  union  takes  place  and  d 
phides  are  produced.  Sulphur  when  heated  combines  with  giti 
vigor  with  iron  (p.  6),  copper,  and  most  of  the  metals.  It  unite 
also  with  many  of  the  non-metals.  Thus  with  oxygen  it  {voduoc 
sulphur  dioxide  (p.  48),  and  even  sulphur  trioxide  SO,.  It  unit! 
also  with  chlorine  directly.  When  sulphur  is  treated  with  oxidixin 
agents  in  presence  of  water,  no  trace  of  sulphur  dioxide  (or  suli^anN 
acid)  is  formed;  the  only  product  is  sulphuric  acid.^ 

Uses  of  Sulphur,  —  Large  quantities  of  crude  sulphur  ir 
employed  for  making  sulphur  dioxide,  which  is  used  in  the  p"" 
facture  of  sulphuric  acid,  in  bleaching  feathers,  straw,  and  wool,  id 
in  making  alkali  sulphites  for  employment  in  the  bleaching  indusUi 
The  manufacture  of  carbon  disulphide  consumes  a  considenU 
amount  also.  The  purified  sulphur  is  employed  in  the  manufactiB 
of  gunpowder,  fireworks,  matches,  and,  by  combination  with  rubbe 
of  vulcanite.  Flowers  of  sulphur  is  used  in  vineyards  to  destit 
fungi,  which  it  does  by  virtue  of  the  traces  of  sulphuric  acid  it  yielc 
by  oxidation. 

Hydrogen  Sulphide  H^S. 

This  gas  is  found  dissolved  in  some  mineral  waters,  which  in  ca 
sequence  are  known  as  sulphur  waters.  It  is  produced  in  the  decoo 
position  of  animal  matter  containing  sulphur,  when  air  is  exclude 
Hence  the  distinctive  odor  of  rotten  eggs  is  due  in  part  to  its  preseno 

Breparation.  —  1.  Hydrogen  and  sulphur  do  not  unite  pertq 

tibly  in  the  cold.  At  310°  almost  complete  union  occurs,  but  aba 
168  hours  are  required  for  the  attainment  of  equilibrium. 

2.  Sulphides  of  metals,  being  salts,  are  acted  upon  more  or  Is 
easily  by  dilute  acids  (p.  187),  and  give  hydrogen  sulphide.  Ferroi 
sulphide,  the  least  expensive  of  those  easily  affected,  is  generaD 

^^^-  FeS  4-  2HCfc  H,St  +  FeCl,. 

*  The  paragraph  on  Dip  chemical  relations  of  the  element  (see  end  of  tt 
chapter)  should  be  read  at  this  point. 
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For  hydrochloric  acid  we  may  substitute  an  aqueous  solution  of  any 
active,  non-oxidizing  acid.  A  Kipp's  apparatus  (p.  65)  is  com- 
monly employed.  Since  ferrous  sulphide  is  but  slightly  soluble  in 
water,  the  action  proceeds  by  a  rather  complex  series  of  equilibria: 

PeS  (solid)  i=?  FeS  (dslvd)  1=5  Fe*  4-S''  j  ^  tt  q  M«WH^  -►  w  Q  r<r«.^ 

2HCli=5  2Cl'  +  2H-1^^2S  (dslvd) 5i±H,S  (gas). 

The  dissolved  hydrogen  sulphide  is  very  feebly  ionized,  and  main- 
tains a  smaller  concentration  of  sulphide-ion  S'^  than  does  ferrous 
sulphide,  in  spite  of  the  comparative  insolubility  of  the  latter. 
Hence,  the  S''  formed  from  the  FeS  is  continuously  removed  by 
union  with  the  hydrogen-ion  furnished  by  the  acid,  S''  -h  2H'  ±15  H^, 
and  all  the  other  equilibria  are  constantly  displaced  forwards  on 
this  account.  The  action  is  therefore,  in  essence,  like  neutralization 
(p.  239). 

3.  Hydrogen  sulphide  is  the  invariable  product  of  the  extreme 
reduction  of  any  sulphur  compound.  Thus,  it  is  formed  by  the 
action  of  hydrogen  iodide  upon  concentrated  sulphuric  acid  (p.  166). 
Even  sulphur  itself  is  reduced  by  dry,  gaseous  hydrogen  iodide: 

2HI-f  S  -►  H,S  +  I,. 

Bhysieal  I^raperHes*  —  Hydrogen  sulphide  is  a  colorless  gas 
with  a  characteristic  odor.  When  liquefied,  it  boils  at  —  60.4°  (755 
mm.),  and  in  solid  form  melts  at  —  82.9°.  The  solubility  in  water 
at  10°  is  360  volumes  in  100,  and  becomes  less  as  the  temperature  is 
raised.  The  gas  can  be  driven  out  completely  by  boiling  the  solution 
(cf.  p.  120).  The  gas  is  very  poisonous,  one  part  in  two  hundred  of 
air  being  fatal  to  mammals. 

ChetniciU  Properties  of  Hydrogen  Sulphide  Gas.  —  When 
heated,  the  gas  dlaaociates : 

HjS  5i±  H,  -f  S. 

At  310°  the  decomposition  is  slight  (c/.  p.  81),  but  becomes  greater 
at  higher  temperatures. 

The  gas  bonui  in  air,  forming  steam  and  sulphur  dioxide.  The 
temperature  of  the  mantle  of  flame  surrounding  the  gas,  as  it  issues 
from  a  jet,  being  far  above  310°,  the  gas  in  the  interior  is  dissociated 
before  it  meets  with  any  oxygen.    Hence  a  cold  dish  held  across  the 
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flame  receives  a  deposit  of  free  suljAur,  and  a  part  of  the  hydn^ 
abo  escapes  unbumt.  It  may  be  remarked  that  diasodatioii  of  d 
land  probably  precedes  the  combustion  of  most  gaseous  compox 
(see  Flame). 

The  metals,  down  to  and  including  silver  in  the  electrorocn: 
series,  when  exposed  to  the  gas,  quickly  receive  a  coating  of  sdph; 
That  the  gas  should  thus  behave  like  free  sulphur  shows  iis  m 
bUity. 

This  instability  is  shown  also  in  the  fact  that  it  r^diices  subsucc 
such  as  sulphur  dioxide,  which  are  not  affected  hy  free  hvdrogec 

2H2S  -f  SO,  -►  2H,0  +  3S. 

This  action  takes  place  in  the  cold,  and  much  more  rapidlv  when: 
gases  are  moist  than  when  they  are  dry  (p.  114).  Native  suljiiit 
probably  produced  by  this  action,  as  both  of  these  gases  are  fou 
issuing  fnnn  the  ground  in  volcanic  neighborhoods.  SuljAur 
deposited  also  when  hydrogen  sulphide  undergoes  a  partial  comb 
tion  with  a  restricted  supply  of  oxygen,  2H3S  +  O,  — ►  2H  0  +  : 
and  its  formation  in  nature  is  sometimes  to  be  accounted  for  mt 
way. 

Chemical  Properties  of  the  Aqueous  8ol9Ui4>wt  ofjaydra^ 
Sulphide.  —  While  the  gas  itself  is  not  an  acid,  its  solution  in  wa 
Kivt^H  a  feeble  acid  reaction  with  litmus,  and  is  sometimes  nac 
Huli)hy<lri(!  acid  Il.S,  Aq.  In  a  N /lO  aqueous  solution,  onlv  .0( 
(0.07  jMir  cent)  of  llio  substance  is  ionized: 

ir,S  -;  H-  +  HS'  (^  H'  +  S'O. 

Soinn  S''  ioiiH  are  present.  But  hydrosulphide-ion  HS'  althoi 
WW  acid,  irt  h^ss  (li.ssociatccl  than  is  water  itself,  and  the  amount 
Hulpliido-ioii  i.s  th(T(»f()r(j  vorv  small.  The  salts  of  hydrosulphide-i 
Hu<'.h  as  NallS  (scxliuin  acid  sulphide,  see  next  section),  give  theref 
neutral  Holutions.  This  l)ehavior  is  the  rule  with  the  acid  ss 
of  feeble  dil)iLsic  acids  (p.  231). 

As  an  acid,  the  solution  of  hydrogen  sulphide  may  be  neutrali: 
by  bases.  For  the  same  reason  it  enters  into  double  decomposii 
with  salts  (see  next  section). 

By  the  action  of  oxygen  from  the  air  upon  an  aqueous  solution 
hydrogen  sulphide,  the  sulphur  is  slowly  displaced  and  app>ears  in  ' 
form  of  a  fine  white  |X)wdcr: 

O,  -f-2ILS->2Sl  +  2H.O. 
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This  is  an  action  similar  to  the  displacement  of  ionic  bromine  by  free 
chlorine  (p.  244). 

The  solution  of  the  gas  is  a  redacidg  agent,  as  its  action  upon 
iodine  shows  (p.  167).  So,  also,  in  presence  of  an  acid,  it  removes 
oxygen  from  dichromic  acid  (produced  by  the  action  of  an  acid  upon 
potassium  dichromate) : 

KjCrA  -f  2Ha  ^  HjOjOy  +  2KCI  (1) 

H,Cr,0,  +  6HCI  -♦  4H,0  +  2CW31,(+  30)         (2) 

(30)       +  3HaS  -» 3H3O  +  3S (3) 

Adding:  K^CrA  +  8HCI  +  3H^  ->  2KC1  +  2CrCl,  +  7H,0  +  3S. 

The  first  partial  equation  (c/.  p.  159)  represents  the  regular  inter- 
action of  two  ionogens,  but  the  second  interaction  does  not  take 
place  imless  an  oxidizable  body  (here  the  hydrogen  sulphide)  is 
present  to  take  possession  of  the  oxygen  which  it  is  capable  of 
delivering  (cf.  p.  213). 

The  foregoing  illustrates  a  fourth  kind  of  ionic  chemical  change 
(p.  243),  namely  that  in  which  a  comi>oiind  ion  is  fonned  or  decom- 
posed. Here  dichromate-ion  Crfi/'  gives  chromic-ion  Cr*'*  and  water. 
For  other  illustrations  see  pp.  67,  115,  192,  195,  198,  213. 

Sulphides.  —  As  a  di-basic  acid  (p.  231),  hydrogen  sulphide  gives 
both  acid  and  neutral  (or  normal)  sulphides,  such  as  NaHS  and 
Na^. 

The  acid  sulphideB  are  obtained  by  passing  the  gas  in  excess  into 
solutions  of  soluble  bases: 

H^  +  NaOH  -♦  H,0  +  NaHS, 

and  are  neviral  in  reaction.  Their  negative  ion,  HS',  is  not  further 
dissociated  (see  preceding  section). 

By  adding  to  the  above  mentioned  solution  an  amount  of  sodium 
hydroxide  equal  to  that  used  before,  and  driving  ofif  the  water  by 
evaporation,  the  second  unit  of  hydrogen  is  displaced,  and  "  neutral " 
sodium  sulphide  is  formed: 

NaOH  +  NaHS  ±15  Na^  +  H,0  f. 

This  action  is  wholly  reversed  when  dry  sodium  sulphide  is  dissolved 
in  water,  the  salt  being  completely  hydrolyted  (p.  163)  to  the  acid 
salt* 

Ni^S  fc?  2Na*  +  S"  )  ,    „Q, 
H,0 1;  OH'  +  H-  j  *=**"*  • 


a  "  n«utru     aut  aanvaa  irom  an  acur*  Das«  and  ■ 
\fM»A  lo  some  extent  by  watar  and  givea  an  a 

yinny  Euljihidcs  are  ituolubla  in  water,  and  these  m 
nniKhly  into  three  classes: 

1,  Tlie  sulphides  of  silver,  copper,  mercury,  azw 
nietnls  are  exceedingly  insoluble,  and,  therefore,  do  noi 
dilute  acids  as  dties  ferrous  sulphide  (p.  251).  Tliese  i 
be  made  by  leading  hydrogen  sulphide  into  solutions 

CuSO,  +  H^tsCuSi  +  HjSOr 

The  arid  pmilucod  has  scarcely  any  effect  upon  the  e 
HlRii.>st  no  reverse  action  is  observed.  In  this  action  the 
is  the  lu'tive  substance  and,  by  its  removal,  all  the  equil 
are  displaced  forwanls. 

2.  The  siil|>hides  of  iron,  zinc,  and  certain  other  met 
ulile  in  water,  hut  not  so  much  so  as  the  last  class.  He 
dei'oinjii)-i(>d  by  ilihito  iicJds,  and  the  reverse  of  the  i 
takes  phico  almost  completely.  Tliese  sulphides  must 
inailc,  cillior  by  combination  of  the  elements,  or  by  addj 
sulphide  to  a  solution  of  a  salt: 

FeSO,  +  (N'H,)^i=fFeSl  +  (NH,),SO,. 

No  aei<l  is  pnxluccd  in  this  sort  of  interaction,  and  thei 
insolubility  of  the  sulphi<le  of  iron  or  zinc  in  water 
chanj^  nearly  complete. 
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;  soluble  acid  sulphides  are  oxidised  in  atjueoua  solution  l:i;- 
papheric  oxygen: 

2NaSH  +  O)  -*  2NaOH  +  2S. 
ir  i3  not  precipitated,  but  combines  with  the  excess  of  the 
hide,  forming  poIyeulphiJes  (see  below).     Some  sodium  thio- 
late  is  produced  at  the  same  time. 

ttyaulphidea. —  When  sulphur  is  shaken  with  a  solution  of  a 
nible  sulphide  or  acid  sulphide,  such  as  sodium  sulphide,  it  dis- 
^Ives,  and  evaporation  of  the  solution  leaves  substances  varying  in 
composition  from  Na^  to  Na^. 

When  an  acid  is  poured  into  sodium  polysulphide  solution,  minute 
spherules  of  rhombic  sulphur  are  precipitated: 

Na^s  +  2HC1  -.2NaCl  +  H,St+  4SA. 

The    Chemical    RelrUiona   of  the   Element    Sulphur.  —  In 

combination  with  metals  and  hydrogen,  sulphur  is  bivalent,  forming 
compounds  like  HjS,  FeS,  CuS,  and  HgS.  In  combination  with 
non-metals,  however,  thevalence  is  frequently  greater,  the  maximum 
being  seen  in  sulphur  trioxide,  where  the  sulphur  is  sexivalent.  Ite 
(nddes  are  acid-forming,  and  it  is,  therefore,  a  non-metal. 

Bxerciaea.  —  1,  How  could  the  decomposition  of  hydrogen  sul- 
phide at  310°  be  rendered,  (a)  more  complete,  (6)  less  complete? 
Would  the  percentage  decomposed  be  affected,  (a)  by  reducing  the 
pressure,  (6)  by  mixing  the  gaa  with  an  indifferent  gas? 

2,  \Vhat  are  the  relative  volumes  of  the  gases  {p.  1 45)  in  the  action 
of,  (a)  hydrogen  iodide  and  sulphur,  (i)  hydrogen  sulphide  and  sul- 
phur dioxide? 

.1.  To  what  classes  of  ionic  actions  (p.  243)  do  the  interactions  of 
hydrogen  sulphide  solution  and,  (a)  oxygen  (p.  252),  (6)  sodium 
hydroxide  (p.  253).  (c)  iodine  {p.  1(57)  belong? 

4,  Show  which  actions  on  the  pagos  referred  to  on  p.  253  illus- 
ate  the  fourth  kind  of  ionic  chemical  change,  and  how  they  do  so. 
Why  is  normal  sodium  sulphide  only  half  hydrolyzed  by  water? 


i' 
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The  only  important  oxides  of  sulphur  are  the  hi^^^^ 
trioxide  SOj.  They  are  the  anhydrides  (p.  51)  tjf  sulj 
H^O,  and  sulphuric  acid  H^O,. 

37^  Preparation  of  Sulphur  IHoxt^e  30^ \i 

burns  in  air  or  oxygen,  sulphur  dioxide  is  produced  (i 
larger  part  of  the  sulphur  dioxide  used  in  oommenM 
obtained  by  the  routing  (colcining)  of  sulphur  ores.  P 
for  example,  bums  when  it  has  been  raised  to  the  ^rin^^|i 
ture,  on  a(?count  of  the  large  amount  of  sulphur  which  it 

4FeS,  4-  llO,-.2Fe,0,  +  8SO,. 

It  should  be  noted,  in  parsing,  that  heating  and  roae 
cining  are  distinct  processes  in  chemistry.  Roastiac 
always  assumes  the  access  of  the  air  and  employment  of 
h«aUnff,  in  the  absence  of  modifying  words,  assumes  thef 
the  chemical  indifference  of  the  air. 

Sulphur  dioxide  is  also  set  free  by  the  action  of  acid 
phites.  Sulphuric  acid  and  a  strong  solution  of  sodiu 
may  be  used: 
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A  part  of  the  acid  loses  oxygea  to  form  wat«r  with  the 
rogen  of  another  molecule : 

H^.  -» H,0  +  SO,  (+  0)  (1) 

(O)  +  H,SO«  -f  Cu  ->  H,0  +  CuSO.  (2) 

2H^0,  +  Cu  -*  2H,0  +  SO,  +  CuSO, 
e  eaaily  oxidized  non-metals,  such  as  carbon  and  sulphur,  act  in 
the  same  way,  C  +  2H;30,  -*  2H,0  +  2S0,  +  CO,. 

;  Physical  and  Chemical  Properties. —  Sulphur  dioxide  ia  a 
gas  possessing  a  penetrating  and  characteristic  odor.  This  ia  fre- 
iquently  spoken  of  OS  the  "odor  of  sulphur,"  but  it  should  be  remem- 
'  bered  that  sulphur  itself  has  scarcely  any  smell  at  all.  The  weight 
of  the  G.M.V,  of  the  gas  (65.54  g.)  shows  it  to  be  more  than  twice  as 
heavy  as  air.  By  means  of  a  freezing  mixture  of  ice  and  salt,  the 
gaa  is  eaaily  condensed  to  a  transparent  mobile  fluid,  which  boils 
at  —  8°.  The  solubility  of  the  gas  in  water  is  5000  volumes  in  100. 
The  liquid  ia  completely  freed  from  the  gas  by  boiling  {cf.  p.  120). 

As  regards  chemloal  piopartiai,  sulphur  dioxide  is  Btabls  (p.  81). 

It  nnlt«a  with  water  to  form  sulphurous  acid,  H,SO,.  Although 
the  gas  itself  sometimes  receives  this  name,  it  is  not  acid. 

Sinco  the  maximum  valence  of  sulphur  is  6,  sulphur  dioxide,  in 
which  but  four  of  the  valences  of  sulphur  are  used,  is  auutnnt«d. 
It  i3  therefore  still  able  to  combine  directly  with  suitable  elements, 
such  as  chlorine  and  oxygen.  When  it  is  mixed  with  chlorine  in  sun- 
light, a  liquid,  lulphmyl  cUoridv  SOjCl,  is  produced. 

Liquefied  sulphur  dioxide  is  now  sold  in  tin  cans,  and  is  employed 
for  bleaching  straw,  wool,  and  sUk.  As  a  diaiafectant  it  baa  been 
displaced  to  a  large  extent  by  formaldehyde. 

Preparatltm  of  Sulphur  Trioiride  SO^.  —  Although  the  for- 
mation of  sulphm-  trioxide  is  accompanied  by  the  liberation  of  much 
heat,  sulphur  dioxide  and  oxygen,  even  when  heated  together,  unite 
very  slowly.    Ozone,  howe^'er,  cximbines  mth  the  former  readily. 

The  interaction  of  sulphur  dioxide  and  oxygen  ia  hastened  by 
finely  dlwdcd  platinum,  which  remains  Itself  unchanged  and  simply 
acta  as  a  catalytic  agent.  The  "  contact  process,"  as  this  is  called, 
has  been  rendered  available  for  the  commercial  manufacture  of 
sulphur  trioxide  by  Knietsch  (1901).  At  400°,  the  temperature  used, 
98-09  per  cent  of  the  materials  unite.    The  vaporous  product  is 
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nnndenmrl  by  being  led  into  97-99 
r/>ncAnt.rat.ion  of  the  liquid  is 
tho  rft^ilat^yl  influx  of  water. 

P'orm^rly  .^lulphur  trioxide  waa  obtaiiied.  hf  diB 
impurfj  ffirrin  sulphate,  Fe^CSOJ,  — ►  Fe^O,  -f-  330^    Q 
prf^nrrvl  l>y  n^p<^terl  distillation  of 
a  pr>wfTfiil  rlryin^  o^ent,  like  phoq>hoiie 


rhitMir.nl  and  ChenUeai  JTrgpartieiu  —  Suipinir 

volatile  liquid  (h.-p.  46^).    The  crystals,  obtaiiied  bv 
i\i  I  iX\     ft  fumftH  Htrongiy  when  expomed  to  the  air.  in 
r»f  tho.  unir>n  r>f  the  vapor  with  moisture 
rlrf»f»si  of  si]|f>huric  amd.     A  white 
npYioarnrirfi  rlriw^ly  renftmhlea  asbestos,  ia  the 
t.h^  siil»^tf»nr^.     ft  has  the  formula  (SOJ,, 

Ah  t.^)  chAxnteal  prop«rtlM,  the  vapor  of  sulphur  tj-wi^wi^ 
iriMi  Riilfjhur  dioxirl^  and  oxygien  (4O0P,  2%;  TOO",  40%). 

Kni|ihiir  trir>xid#!  i:<  not  itself  an  add,  but  it  ia  the 
fiMlphiirir  nni\,     VVhr*.n  placed  in  water  it  nnitm  vi^aroi^T.e 
n  h\w\uir  ri(ii*4o  i\\ir.  U)  thf;  Hteam  produced  by  the  h^fit  of  de 

.hmt.  MS  Kulphiir  trir)xirlci  unites  with  water  to  crve  hvdna 
I  ill  n  to,  .i:«i  il  r.nmbinDfi  vigorously  with  many  oKidaa  oCiBatBh,pco 
tho  rorro<|>onriin(r  sulphuU^s: 

\\,()   I   M( ) ,  u  \ I,Hr )„  CaO  -h  SO,  -*  CaSO^ 

'Dip  iiiiinii  nf  fin  oxi<|p  of  H  non-metal  with  the  oxide  of  a  mi 
t)ii^  fir^liinri,  h:  n  ^ryurrn\  iiiHhod  of  obtaining  salts  (c/i  p.  24^ 

ci.f7/f/rif  Jr^/«  o/*  N»///>/ftir.   -Sulphurous  and  sulphon 

liMvr  liiMMi  miMitioiird  friMpHMitly  already.  Next  to  them  in 
tniH'p  ('Ohio  tliioMulphurir  fu'id  and  jxirHulphuric  acid.  The  co 
lioiiM  of  llio  iw'idH  Mbnw  Mioir  rolationHhips: 

ily|M>Mulpliun>UH  iicid,  II^H^O^        Thiosulphuric  aoid,  HLS 
HulphuinuM  arid,  H^SOj,         Persulphuric  acid,    HJS 

Hulpliui'ir  arid,  IfjSO^ 

'riiioHulphurir  arid  (Ok.  tfctov,  Hulphur)  is  so  named  bed 
roniainH  onn  unit  of  Hulpliur  in  plac^c  of  one  of  the  units  of  ox^ 
Rulpiiurii^  acid.  I)4*Hidc^  tho  alxwc  wo  have  also  the  polyl 
uridH,  nanirly:  Dithionic  lu'id  n,R,Oe,  trithionic  acid  H^S  O  , 
ihiiinir  arid  II,H|()g,  and  pontathionic  acid  HjSjO,. 
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Sulphuric  Acid  HjSO^, 
jugh  ealts  of  sulphuric  acid,  such  as  calcium  sulphate,  are  I 
ngly  plentiful  in  nature,  the  preparation  of  the  acid  by  cbemi- 1 
upon  the  salts  is  not  practicable.     The  sulphates,  indeed,  , 
t  irith  all  acida,  but  the  actions  are  reversible.     The  comple-  ^ 
the  action  by  the  plan  used  in  making  hydrogen  chloride 
18),  involving  the  removal  of  the  sulphuric  acid  by  distiilation, 
d  be  difficult  on  account  of  the  involatility  of  this  acid.     It  boils 
10°;  ajid  acids,  less  volatile  still,  which  might  l)e  used  to  Uber-  i 
t,  do  not  exist.     We  are  therefore  compelled  to  build  up  8ul- 
ic  acid  from  its  eteraenta. 

,e  union  of  sulphur  dioxide  and  oxygen  by  the  contact  process,  I 
combination  of  the  trioxide  with  water  (p.  257),  ia  the  best  I 
lod  for  making  a  highly  concentratwl  acid.  For  obtaining! 
oil  of  vitriol,"  however,  the  "  chamber  process  "  is  still  f 
Ively, 


l»trv  of  the  Chamber  Proceag.  —  TUe   gases,    the   inter- ^ 
s  of  which  result  in  the  formation  of  sulphuric  acid,  are:  water 
r,  Bulphur  dioxide,  nitrous  anhydride  NjOj  (q.v.),  and  oxygen, 
e  are  obtained,  the  first  by  injection  of  steam,  the  second  usually 
le  burning  o(  pyrit«,  the  third  from  nitric  acid,  and  the  fourth  by 
ntroduction  of  air.    The  gaaes  are  thoroughly  mixed  in  large 
in  chambers,  and  the  sulphuric  acid  forms  droplets  which  fall 
le  Boors.   In  spite  of  elaborate  investigations,  instigated  by  the 
laive  scale  upon  which  the  manufacture  is  carried  on  and  the 
snse  financial  interests  involved,  some  uncertainty  still  exists  in 
■d  to  the  preci.'ie  nature  of  the  chemical  changes  which  take  place, 
rding  to  Lunge  the  greater  part  of  the  product  is  formed  by  two  J 
!eaive  actions,  the  first  of  which  yields  a  complex  compound  that  I 
Dompoaed  by  excess  of  water  in  the  second: 

yO-H 


I       H,0  +  2S0,  +  N,0,  +  O, 


group  -  NO,  nitroayl,  ia  found  in  many  compounds.  Here,  it  I 
re  displaced  by  hydrogen,  sulphuric  acid  would  result.  Henoef 
compound  is  called  nitrosytfulphuric  acid: 


+  H,0  )=i  2S0,; 


(2)1 
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The  equations  (1)  and  (2)  are  not  partial  eqiialiaiis  for  ooei 
action,  but  represent  distinct  actions  which  ^■mw  be  caRieiii 
separately.  In  a  properly  operating  plant,  indeed j,  tbeodara^ 
sulphuric  acid  is  not  observed.  But  when  the  suj^y  of  vi&r 
deficient,  white  "  chamber  crystals/'  consisting  of  tbis 
collect  on  the  walls. 

The  explanation  of  the  success  of  this  aeomin^y  rouzidibos' 
method  of  getting  sulphuric  acid  is  as  follows:  The  direct  wti 
sulphur  dioxide  and  water  to  form  sulphurous  acid  is  rapid,  bci  A 
action  of  free  oxygen  upon  the  latter,  2HjSO,  +  O,  — *  2H,S0,s 
exceedingly  slow.  Reaching  sulphuric  acid  by  the  use  of  ibat^ 
changes,  although  they  constitute  a  direct  route  to  the  result,  is  s; 
fesisihlc  in  practice.  On  the  other  hand,  both  of  the  above  •ctts 
(1)  and  (2),  happen  to  be  much  more  speedy,  and  so,  by  their  v 
more  rapid  pRKluction  of  the  desired  substaiice  is  secured  ti  ^ 
exj)cnso  of  a  slight  complexity. 

The  pn^grcss  of  the  first  action  is  marked  by  the  disappeannft< 
the  brown  nitn>as  anhydride,  and,  on  the  introduction  of  water, ti 
completion  of  the  second  results  in  the  reproduction  of  the  sameiil 
stance.  Tlic  nitrous  anhydride  takes  part  an  indefinite  number 
times  in  t  hcso  changes  and  so  facilitates  the  conversion  of  a  1« 
amount  of  sulphur  dioxide,  oxygen,  and  water  into  sulphuric  ac 
without  much  impairment  of  its  quantity. 

The  su]>]>l y  of  nitrous  anhydride  is  maintained  by  the  intitxlucti 
of  nitric  acid  vapor  into  the  chamber.  This  acid  is  made  fromfl 
centrated  sulphuric  acid  and  commercial  sodiiun  nitrate  NaNO|: 

NaNOj  +  H^SO,  r^  HNOjt  +  NaHSO^. 

On  account  of  the  volatility  of  the  nitric  acid,  a  moderate  hwl 
HufRcitMit.  to  remove  it  from  admixture  with  the  other  substances,  a 
it.M  vu|K)r  is  swept  along  with  the  other  gases  into  the  apparati 
The  initial  action  which  the  nitric  acid  undergoes: 

Up  -f  2S0j  -f  2HNO3  ->  2H2SO,  +  NjO„ 

may  Iw  written,  to  show  the  anhydride  of  nitric  acid: 

11,0  +  2S0j  +  H,0,NA  -*  2H2SO,  +  N,0,. 

The  two  molecules  of  water,  one  actually,  the  other  potential 
prenent,  with  the  two  molecules  of  sulphur  dioxide,  can  furnish  t 
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olecules  ot  sulphurous  acid  (H,SOj).    The  N,0,  in  passing  to  the 
ii^  jondition  N,0,  gives  up  the  two  unita  of  oxygen  required  to  convert 
^  ariua  sulphurous  acid  into  sulphuric  acid. 
ami 

I  Itotatta  of  the  Chamber  Procf»M.  —  The  sulphur  dioxide  is 
induced  in  a  row  of  furnaces  A  (Fig.  56).  When  good  pyrite  is 
led,  the  ore  burns  unassiated  (p.  256),  while  impure  pyrite  and 


tc-blende  ZnS  have  to  be  heated  artificially  to  maintain  the  com- 

jetion.    The  gases  from  the  various  furnaces  pass  into  one  long 

Mt-flue,  in  which  they  are  mingled  with  the  proper  proportion  of 

',  and  deposit  oxides  of  iron  and  of  arsenic,  and  other  materials 

hich  they  transport  mechanically.     From  this  Sue  they  enter  the 

r  tower  O,  in  which  they  acquire  the  oxides  of  nitrogen.     Hav- 

g  secured  all  the  necessary  constituents,  excepting  water,  the  gases 

Dtt  enter  the  first  of  the  leaft  chambers,  large  structures  constructed 

mpletely  of  sheet  lead.    These  measure  as  much  as  100  X  40  X  40 

feet,  and  have  a  total  capacity  of  150,000  to  200,000  cubic  feet.     As 

the  gases  drift  through  these  chambers  they  are  thoroughly  mixed, 

and  an  amount  of  water  considerably  in  excess  of  that  actually 

required  is  injected  in  the  form  of  steam  at  various  points.     The 

Bcid,  along  with  the  excess  of  water,  condenses  and  collects  upon  the 

floor  of  the  cbamber,  while  the  unused  goaee,  chiefly  nitroua  aohydride 
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and  nitrogen,  the  latter  derived  from  the  air  originally  admitta 
find  an  exit  into  the  Gay-Lussac  tower  L. 

This  is  a  tower  about  fifty  feet  in  height,  filled  with  tiles,  <m 
which  concentrated  sulphuric  acid  continually  trickles.  The  obja 
of  this  tower,  to  catch  the  nitrous  anhydride  and  enable  it  to  li 
reemployed  in  the  process,  is  accomplished  by  a  reversal  of  acdo 
(2)  above.  The  acid  which  accumulates  in  the  vesad  at  the  botta 
of  this  tower  contains  the  nitrosylsulphuric  acid,  and  by  rnesnsi 
compressed  air  is  forced  through  a  pipe  up  to  a  vessel  at  the  top« 
the  Glover  tower  G,  When  this  "  nitrous  vitriol  "  is  mixed  lii 
dilute  sulphuric  acid  from  a  neighboring  vessel^  by  allowing  both' 
flow  down  into  the  tower,  the  nitrous  anhydride  is  once  more  set  b 
by  the  interaction  of  the  water  in  the  dilute  acid  (action  (2)).  Tl 
Glover  tower  is  filled  with  broken  flint  or  tiles,  and  the  heiti 
gases  from  the  furnace  acquire  in  it  their  supply  of  nitrous  anhydxid 
Their  high  temperature  causes  a  considerable  concentration  of  ti 
diluted  sulphuric  acid  as  it  trickles  downward.  The  acid,  after  tn 
ersing  this  tower,  is  sufficiently  strong  to  be  used  once  more  for  ti 
absorption  of  nitrous  anhydride.  To  replace  the  nitrous  anhydxi 
inevitably  lost,  fresh  nitric  acid  is  furnished  by  small  open  vest 
.V,  containing  sodium  nitrate  and  sulphuric  acid,  placed  in  the  flu 
of  the  pyrite-burners.  About  4  kg.  of  the  nitrate  are  consumed  I 
every  100  kg.  of  sulphur. 

The  acid  which  accumulates  upon  the  floors  contains  but  60  to 
per  cent  of  sulphuric  acid,  and  has  a  specific  gravity  of  1.5-l.C 
The  excess  of  water  is  used  to  facilitate  the  second  action.  It 
required  also  in  order  that  the  acid  upon  the  floor  may  not  afterwar 
absorb  and  retain  the  nitrous  anhydride,  for  this  substance  comlnzi 
with  an  acid  containing  more  than  70  per  cent  of  hydrogen  sulpha^ 

This  crude  sulphuric  acid  is  applicable  directly  in  some  chemic 
manufactures,  such  as  the  preparation  of  superphosphates  (o.r 
Concentration  is  effected  by  evaporation  in  pans  lined  with  lea 
which  are  frequently  placed  over  the  pyrite-burners  in  order  to  eoon 
mize  fuel.  The  evaporation  in  lead  is  carried  on  until  a  sped: 
gravity  1.7,  corresponding  to  77  per  cent  concentration,  is  reache 
Up  to  this  point  the  sulphate  of  lead  formed  by  the  action  of  t 
sulphuric  acid  produces  a  crust  which  protects  the  metal  fni 
further  action.  When  a  stronger  acid  is  required,  the  water 
driven  out  by  heating  the  sulphuric  acid  in  vesseb  of  glass  or  {da 
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□um,  or  even  of  cast  iron.  Commercial  sulphuric  acid,  oil  of  vitriol, 
has  a  specific  gravity  1.83-1.84,  and  contains  about  93.5  per  cent  of 
hydrogen  sulphate. 

Physical  Properties. — Pure  hydrogen  sulphate  has  a  sp.gr.  1.85 
at  16°.  When  cooled,  it  cryatalUzes  (m.-p.  10°).  At  150*-180*  the 
a«id  begins  to  fume,  giving  oft  sulphur  trioxide.  When  boiled,  it 
yields  an  acid  of  constant  (p.  120)  boihng-point  (330°)  and  constant 
composition  (98.33  per  cent).  The  beat  of  solution  (p.  100)  of  hydro- 
gen sulphate  is  very  great  (39,170  cal.).  The  solution  ia  thus  much 
more  stable  (i.e.,  it  contmns  much  less  energy)  than  the  pure  sub- 
stance, and  hence  the  latter  absorbs  water  greedily.  Many  substaoces 
containing  hydrogen  and  oxygen  are  deprived  of  equivalent  amounts 
Lif  these  elements  by  sulphuric  acid.  Thu3  paper,  which  is  largely 
cellulose  (C^igO;)!,  and  sugar  CuH^Oy  are  charred  by  it,  and 
carbon  is  set  free. 

Commercial  sulphuric  acid  is  lmpur«.  It  contains,  for  example, 
lead  sulphate,  which  appears  as  a  precipitate  when  the  acid  is  diluted, 
as  well  as  arsenic  trioxide  and  oxides  of  nitrogen  in  combination. 

Chemical  Properties  and  TXae»  of  Hydrogen  Sulphate.  —  The 

compound  is  not  exceedingly  stable,  for  dissociation  into  water 
and  sulphur  trioxide  begins  far  below  the  boiling-point,  and  is 
practically  complete  at  416°,  as  is  shown  by  the  density  of  the 
vapor.  When  raised  suddenly  to  a  red  heat  it  is  broken  up  com- 
pletely into  water,  sulphur  dioxide,  and  oxygen. 

When  sulphur  trioxide  is  dissolved  in  hydrogen  sulphate,  disnl- 
phuTlcacidH,S,0„a  solid  compound,  is  obtained.  Hydrogen  sulphate 
containing  80  per  cent  of  diaulphuric  acid  ia  known  as  "  oleum,"  and 
is  employed  in  chemical  industries.  The  salts  of  disiilphuric  acid 
may  be  made  by  strongly  heating  the  acid  sulphates,  for  example: 

t2NaHS0.  ^  Na,S,0,  +  H,0  T- 
In  view  of  this  mode  of  preparation  by  the  aid  of  heat,  they  are 
Erequeotly  known  as  pyroiulpluitca  (tJk.  vvp,  fire).     When  they  are 
dissolved  in  water,  the  acid  sulphates  are  reproduced. 

On  account  of  the  large  quantity  of  oxygen  which  hydrogen  sul- 
phate contains,  and  its  instability  when  heated,  it  behaves  as  an 
oxidlslac  ageot.  This  property  has  already  been  illustrated  in  con- 
nection with  the  action  of  the  acid  upon  carbon,  sulphur,  and  copper 
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(p.  257),  hydrogen  iodide  (p.  251),  and  hydrogen  bromide  (p.  161 
The  sulphuric  acid  is  in  consequence  reduced  to  sulphur  dioxide^  in: 
even  to  free  sulphur  or  hydrogen  sulphide.  TTie  metals,  faom  6 
most  active  down  to  silver  (p.  245)^  are  capable  of  reducing  it,  ih 
sulphates  being  formed.  Gold  and  platinum  alone  are  not  attaebec 
Free  hydrogen  itself  is  oxidized  to  water  when  passed  into  hvdrose 
sulphate  at  160°  :  SO^COH),  +  H,  -►  SO,  +  2^0. 

With  salts  which  it  does  not  oxidize,  hydrogen  sulphate  ntf 
by  double  decompoBition  and  sets  free  the  corresponding  acid.  Whs 
the  new  acid  is  volatile,  as  in  the  case  of  hydrogen  chloride  (p.  ir 
we  are  furnished  with  one  of  the  cheapest  means  of  preparing  add: 
Since  hydrogen  sulphate  is  dibasic  (p.  231),  it  forms  both  add  lo 
neutral  salts.  ' 

Sulphuric  acid  is  used  in  almost  all  chemical  industries :  for  exampl 
in  the  Le  Blanc  process  for  the  manufacture  of  soda,  in  the  refinin 
of  petroleum,  in  the  manufacture  of  fertilizers,  in  the  preparations 
nitroglycerine  and  gun-cotton,  and  in  the  production  of  coai-t 
dyes. 

Chemical  Properties  of  Aqueous  HydroQen  SuipkaU" 

The  solution  of  sulphuric  acid  H2S04,Aq  is  a  mixture,  whose  cod 
ponents  are:  undissociated  molecules  HjSO^,  hydrogen-ion  H 
hydrosulphate-ion  HSO/,  and  sulphate-ion  SO^'^.  The  chemio 
properties  shown  by  the  solution  are  those  of  one  or  other  of  the 
components,  according  to  circumstances. 

Except  in  concentrated  solutions  (normal  or  stronger)  the  oxidi 
ing  effects  of  the  undissociated,  molecular  substance  are  not  encou: 
tered. 

The  presence  of  hydrogen-ion  is  shown  by  all  its  usual  property 
(p.  232). 

Sulphate-ion  SO 4^',  which  is  found  also  in  solutions  of  all  neutr 
and  acid  sulphates,  unites  with  all  positive  ions.    The  product  whc 
insoluble,  appears  as  a  precipitate.    The  introduction  of  barium  ion 
for  example,  by  adding  a  solution  of  barium  nitrate  or  chloride, 
employed  as  a  test: 

Ba"  -f  SO/'  ?=±  BaSO^  l 

Since  there  are  other  barium  salts  which  are  insoluble  in  water  (sc 
Table  of  solubilities),  but  no  common  ones  which  are  not  decoa 
posed  by  acids,  dilute  nitric  acid  is  first  added  to  the  solution  suppose 


OXIDES  AND  OXYGEN  ACIDS  OF  SULPHUR  266 

to  contain  the  sulphate-ion.  The  other  ions,  if  present,  then  give  no 
precipitate  with  barium-ion. 

Sulphates*  —  The  acid  sulphates,  known  also  as  bisulphates,  may 
be  produced  either  by  adding  to  sulphuric  acid  half  an  equivalent 
of  a  base,  and  evaporating:  NaOH  +  HjSO^  t^  Hfi  +  NaHSO^,  or 
by  actions  in  which  another  acid  is  displaced,  as  in  making  hydro- 
gen chloride  (p.  117).  These  salts  are  acid  in  reaction,  as  well  as  in 
name  (c/.  p.  253),  because  HSO/,  although  a  weak,  is  not  a  feeble 
acid.     When  heated,  they  yield  pyrosulphates  (p.  263). 

The  neutral  (or  normal)  sulphates  are  obtained  by  complete  neu- 
tralization and  evaporation,  or  by  the  second  of  the  above  methods 
when  a  sufficient  amount  of  the  salt  and  a  higher  temperature  are 

^^^^''  NaCl  +  NaHSO,  i=±  Na,SO,  +  HClt . 

They  may  also  be  made  by  precipitation,  by  oxidation  of  a  sulphide 
at  a  high  temperature,  PbS+202  — >  PbS04,  or  by  addition  of  sulphur 
trioxide  to  the  oxide  of  a  metal  (p.  258). 

Normal  sulphates  of  the  heavy  metals  decompose  at  a  red  heat, 
some  giving  off  sulphur  trioxide  (p.  258),  others  sulphur  dioxide  and 
oxygen.  The  sulphates  of  the  more  active  metals  and  of  lead, 
however,  are  not  affected  by  heating. 

Other  Acids  op  Sulphur. 

Suiphuraus  Acid  H^O^,Aq.  —  This  term  is  applied  to  the 
solution  of  sulphur  dioxide  in  water.  A  portion  of  the  sulphur 
dioxide  remains  dissolved  physically,  while  another  portion  is  in 
combination  with  the  water,  forming  sulphurous  acid.  This  in  turn 
is  ionized,  and  chiefly,  after  the  manner  of  the  weaker  dibasic  acids, 
into  two  ions,  H'  and  HSO,'.     A  little  SO,''  is  formed  from  the  latter. 

Propertiea  of  Sulphurous  Acid.  —  The  acid  is  so  unstable  that 
it  cannot  be  obtained  excepting  in  solution  in  water.  Chemically  it 
is  a  comparatively  weak  acid.  As  a  reducing  agent,  it  is  slowly 
oxidized  by  free  oxygen,  and  rapidly  by  oxidizing  agents,  turning 
into  sulphuric  acid.  Thus,  when  free  halogens  are  added  to  the 
lolution,  sulphuric  acid  and  the  hydrogen  halide  are  formed: 

HjSO.  +  H,0  +  h^  H^4  +  2HI. 


M 


addition  likewise. 

As  a,  dibulc  Mid,  sulpburouB  add  forms  neutral  salts  I 

and  acid  salts  like  NaHSO^ 

Hutphiteit.  —  The  icld  in^UtM  of  the  alkali  metals  (tJ 

slum  and  Bodium)  are  acid  in  reaction,  owing  to  the  i^^xei 
ciation  of  the  ion  HSO/.  The  aulphites  are  readily  decc 
acids  giving  free  Bulphurous  acid,  and  the  latter  partly  d 
yielding  sulphur  dioxide. 

Oalcinm  bliulphlta  solution,  Ca(HSO,)„  la  used  to  dlmdv 
out  of  wood  employed  in  the  manufacture  of  paper  (^.v.) 

When  hut«d,  sulphites  undergo  decorapositioti.  Th^ 
lieing  the  moat  stable  of  all  the  salts  of  sulphur  acids,  i 
when  the  salts  of  any  of  those  acids  are  decomposed  t 
The  nature  of  the  particular  salt  determinee  iriiat  othe 
xhall  appear.  Here,  one  molecule  of  the  sulphite  fumi 
atoms  of  oxygen,  sufficient  to  oxidize  three  otiier  mole 
leaves  one  molecule  of  sodium  sulphide  b^iind: 
4Na^,  -.  Na^  +  3Na,S0.. 

The  sulphites  are  as  readily  oxldiavd  as  is  the  acid  itself. 
slowly  converted,  both  in  solution  and  in  the  solid  form,  fay 
ence  of  the  oxygen  of  the  air,  into  sulphates. 


OXIDES  AND  OXYGEN  ACIDS  OF  SULPHUR 


f  the  addition  of  acids  to  a  solution  of  sodium  thioaulphate,  the 
DBulphuric  acid  is  set  free,  but  the  tatter  instantly  decomposes: 

Na,S,0,  +  2HC1  jzt  HjS.O,  +  2NaCl, 
HA0,i=fH^0, +  81- 

'Pergutphuric  Acid  H^SnO^. — This,  like  the  Other  acids  just  men- 
tioned, is  unstable,  and  can  be  kept  only  in  very  dilute  solution.  Its 
salts,  however,  are  coming  into  use  for  commercial  purposes  and  for 
"  reducing  "  negatives  in  photography.  The  salta  are  prepared  by 
electrolyzing  sodium-hydrogen  sulphate  NaHSO,  in  concentrated 
solution.  The  peisulphuric  acid,  formed  by  the  union  of  the  nega- 
^ve  ions  in  pairs,  as  they  are  discharged  on  the  anode: 


r 


2HS0.  +  2  ©  -.  H,S.O,.* 


undergoes  double  decomposition  with  the  excess  of  sodium  bisulphate, 
and  the  Ichs  soluble  sodium  persulphate  crystalUzes  out.  The  other 
salts  are  made  by  double  decomposition  from  this  one. 

Compounds  of  Sulphur  and  ChltyHne. —  When  chlorine  gaa  is 
passed  over  heated  sulphur  it  is  absorbed,  ant!  Bulphur  monocblorlde, 
a  dark  reddish-yellow  liquid,  boiling  at  138'*,  is  obtained.  The  molec- 
ular weight  of  this  substance,  as  shown  by  the  density  of  its  vapor, 
indicates  that  it  possesses  the  formula  S,C1,.  When  thrown  into 
water,  it  is  rapidly  hydrolyzed,  producing  suphur  dioxide  and 
sulphur:  2S,CI,  +  2H,0-»sb,  +  4HC1  +  3S. 

Sulphur  itself  dissolves  very  freely  in  the  monoehloride,  and  the 
solution  is  employed  in  vulcanizing  rubber. 

By  the  action  of  sulphur  dioxide  gas  upon  phosphorus  penta- 
rhloride,  part  of  the  oxygen  in  the  former  is  replaced  by  chlorine: 
SO,  +  IVl.-'SOCI,  +  I'OCJ,. 

The  prrtducta  arc  thionyl  chlorid*  SOCl,  and  phosphorus  oxychloride. 
The  former  b  a  colorless  liquid,  boiling  at  78',  and  is  separated  from 
the  latter  (b.-p.  107°)  by  fractional  distillation  (see  Petroleum).  It 
b  hydrolyied  by  wat«r:  SOCl,  +  H,0  — 80,  +  2UCI. 

Sulphur  dioxide  and  chlorine  gases,  when  exposed  to  direct  sun- 
*  Tha  dgu*  S  and  @  staiul  fur  the  ((iquiiJ)  qumntiUoa  of  electricity  carried 
by  oDfl  Miiiiviklcnt  of  an  Ionic  subatance,  •ad  tbemfora  required  for  its  di*- 
ebfttse  Mid  libentioa. 
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lig)ityUmtetofonnaUquidkiiowna8n4plnByleUorid»SOy(1r  Cie 
phor  causes  the  union  to  take  place  much  mme  rapidly,  oiringu>dz 
catalytic  effect.  The  compound  is  a  colorleas  liquid,  bcnling  s:  5 
With  water  it  gives  sulphuric  add  and  hydrogen  chloride: 

SOA  ^  2H,0 -►  SO,(OH),  +  2HCL 

Exercises.  —  1.  What  ground  is  there  for  af»ngning  the  fooB 
SO,  instead  of  SJO4  ^o  ^phur  dioxide  (p.  257)  ? 

2.  Explain  why  nitric  acid  is  completely  disfjaoed  by  the  aetkn 
sulphuric  acid  on  sodium  nitrate  (p.  260). 

3.  Wliat  are  the  relative  volumes,  (a)  of  sulphur  dioxide  i 
nitrogen  (p.  145)  resulting  from  the  roasting  of  pyrite  (p.  256). ' 
of  air  and  sulphur  dioxide  in  making  sulphuric  acid,  (c)  of  wao^ 
(left)  to  sulphur  dioxide  (used)  in  making  sulphuric  acid,  wfaeapyi 
b  the  source? 

4.  Make  a  list  of,  and  classify,  the  various  applications  of  sulpin 
acid  to  the  liberation  of  other  acids. 

5.  Formulate  the  behavior  of  the  hydrosulphate-ion  (p.  264)  vi 
a  solution  of  barium  chloride  is  added  to  a  rather  ooncentrated  s 
tion  of  sulphuric  acid. 

6.  Assign  to  the  proper  class  of  ionic  actions  (pp.  243,  253), 
the  action  of  iodine  on  sulphurous  acid  (p.  265),  (&)  of  sulphm 
sodium  sulphite  (p.  266),  (c)  the  formation  of  persulphuric  1 
(p.  267). 


k  CHAPTER   XXni 

BZLEHIUH  AKD  TELLXmiUH:  THE  PERIODIC  &T8TEM 
Along  with  sulphur,  chemists  group  two  other  elenienls,  selenium 
vie,  fll.  vft.  79.2)  and  tellurium  (Te,  at.  wt.  127.6).  IE  the  nature  of 
^  the  chief  (compounds  of  sulphur  is  kept  in  aiind,  the  close  analogy 
between  the  nature  and  chemical  behavior  of  the  three  elements  and 
their  corresponding  compounds  will  be  noticed  at  once  (see  Chemical 
relations  of  the  sulphur  family,  below). 

Oecurrence  and  Properties  of  Selenium  8e.  —  Selenium 
(Gk.  atX^vi],  the  moon)  occurs  free  in  some  specimens  of  native 
sulphur,  and  in  combination  often  takes  the  place  of  a  small  part  of 
the  sulphur  in  pyrite  (FeS,).  It  ts  found  free  in  the  dust-flues  of  the 
pyrite-bumers  of  sulphuric  acid  works.  The  familiar  forms  are,  the 
red  precipitated  variety,  which  is  amorphous  and  soluble  in  carbon 
disulphide,  and  the  lead-gray,  semi-metallic  variety,  obtained  by 
slow  cooling  of  mclt«d  selenium,  which  is  insoluble,  and  melts  at 
217°.  In  the  latter  fonn  it  has  some  capacity  for  conducting  elec- 
tricity, which  is  increased  by  exposure  to  light  in  proportion  to  the 
intennty  of  the  illumination.  It  boils  at  680°,  and  at  high  t«rapera- 
tures  has  a  vapor  density  corresponding  to  tlie  formula  Se,. 

The  element  unites  directly  with  many  metals,  Viums  in  oxygen  to 
form  selenium  tlioxide,  and  unites  vigorously  with  chlorine. 

Compoututa  of  Selenium.  —  Ferrous  eclenide,  made  by  heating 
iron  filings  with  selenium,  when  treated  with  concentrated  hydro- 
chloric acid  ^ves  hydrogen  sslanlde; 

FeSe  +  2HC1  X  H,So  T  +  FeCl,. 

The  compound  is  a  poisonous  gas,  wliich  possesses  an  odor  recalling 
rott«n  horse-radish,  and  is  soluble  in  water.  The  solution  is  faintly 
ficid  in  reaction,  and  deponits  selenium  when  exposed  to  the  action 
of  the  air  (e/.  p.  262).    Other  neleoides,  which,  with  the  exception  ot 

2oa 


The  acid  ia  reduced  by  sulpfaurouB  add  to  selenhim] 
2H,S0,  -*  2H,S0,  +  H,0  +  Se. 

No  trioxid«  is  known.     Selenic  acid  fLSeO,,  a  white  bc 

by  using  the  most  powerful  oxidizing  agents  with  seleoifl 
is  itself  a  powerful  oxidizing  agent,  and,  e\'en  in  dUlii 
liberates  chlorine  from  hydrochloric  aeid:  I^SeO,  +  2H( 
+  H.O  +  Clj.  Sulphuric  acid  {cf.  p.  263),  on  the  other 
oxidizing  agent  only  in  somewhat  concentrated  form,  an 
it  can  oxidize  hydrobromic  acid  (p.  161),  but  not  hydixx 

Tellurium  Te.  —  Tellurium  (Lat.  tdlua,  the  earth) 
Bylvanite  in  combination  with  gold  and  silver.  It  is  a  whil 
crystalline  substance,  melting  at  452°.  When  formed  b; 
ttoQ  it  is  a  black  powder.  The  free  element  unitee  y 
directly,  and  bums  in  air  to  form  the  dioxide. 

The  compounds  of  tellurium  are  similar  in  compositiat 
of  preparation  to  those  of  selenium.  Some  differences  i 
behavior  are  significant,  however.  Th<is,  taUnrioiu  aeld 
a  very  feeble  acid  and  ia  also  somewhat  basic,  a  sulphate  (1 
and  a  nitrate  (Te,0,(OH)NOJ  being  known.  In  this 
differs  markedly  from  sulphurous  acid.  Telluric  acid  doec 
indicators,  and  is  therefore  actually  mure  feebly  acid 
hydrogen  sulphide.  Telluriam  tetruhlorideTeCl,,  although  I 
by  water,  exists  in  solution  with  excess  of  hydrogen 
TeCI,  +  3H,0  i=i  H,TeO,  +  4HC3,  ehowing  the  tellurioug 
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e  their  highest  valence  is  found  iii  SOj,  TeOj,  and  H^ScO^,  where 
r  must  be  sexivalent.  The  general  behavior  of  corresponding 
bpounds  is  very  similar.  At  the  same  time,  there  is  in  all  cases 
fogressive  change  as  we  proceed  from  sulphur  through  selenium 
dlurium.  The  elementary  substances  themselves,  for  example, 
!  more  like  metals,  physically,  and  they  show  higher  and 
Bigger  melting-pointG.  The  affinity  for  hydrogen  decreases,  as  is 
i^wn  by  the  increasing  ease  with  which  the  compounds  H^  are 
oxidized  in  air.  The  affinity  for  oxygen  likewise  decreases,  for  the 
elements  become  increasingly  difficult  to  raise  to  the  highest  state  of 
oxidation.  On  the  other  hand,  the  tendency  to  form  higher  chlo- 
rides becomes  greater.  We  note  also  that  the  compounds  H^O, 
become  less  and  less  active  as  acids,  and  that  a  basic  tendency  begins 
to  assert  itself. 

The  Periodic  System. 
Classification,  or  the  arrangement  of  facts  on  the  basis  of  likeoesB, 
is  part  of  the  method  of  science.  It  is  needed  to  make  possible  the 
systematic  description  of  the  ascertained  facts,  and  to  furnish  a 
guide  in  investigation,  by  suggesting  relations  and  so  pointing  out 
directions  in  which  new  facts  of  interest  may  be  found.  Thus,  we 
have  treated  the  halogens  as  a  group;  and  chemists,  knowing  how 
,  hj-pochlorous  acid  (HCIO)  and  perchloric  acid  (HCIO,).  and  their 
salts,  are  made,  have  been  led  to  attempt  to  obtain  related  substances, 
;e  HIO  and  HBrO,  and  their  sails,  by  methods  suggested  by 
logy. 


tMetallic  and  Xon-MeUUUc  Elenients,  —  Thus  far  we  have 
found  the  division  into  metallic  and  non-metallic  elements  very  ser- 
viceable for  classification  in  terms  of  chemical  relations  (p.  116). 
This  distinction  we  shall  continue  to  employ.  The  matalUc,  or  po«i- 
Uva  elanunU  (p.  S2},  (1)  form  positive  radicals  and  ions  containing 
no  other  element  (c/.  p.  233).  Tlius  the  metals  give  sulphates, 
nitrates,  carbonates,  and  other  salts,  which  furnish  a  metallic  ion 
together  with  the  ions  SO,",  NO,',  and  CO,".  (2)  Tlieir  hydroxides, 
KOH,  Ca(OH)„  etc.,  give  the  same  metallic  ion,  and  the  rest  of  the 
molecule  forms  hydroxide-ion.    That  is  to  say,  their  hydroxides  are 

El  and  their  oxides  are  basic.     The  metallic  elements  oft«n  enter 
oOusT  eUmenia  into  the  composition  of  a  negative  ion,  as  is  the 


\-iv/jv/«i,  T\\ja.}f,  i7tjj\_\ja.)j,  luj-uiiui  uo  ayozozyi  ions, 
involve  the  same  consequence.  These  hydroxides  ai 
disaociation,  in  fact,  so  that  the  non-metal  forms  part  o 
negative  radical,  and  the  other  ion  is  hydrogen-ion.  CIO, 
SO4.H,.  Their  oxides  are  acidic.  (3)  Their  haloga 
like  PBr,  (p.  163)  and  SjCl,  (p.  267),  are  completely  b 
water,  and  the  actions  are  not,  in  gen^^,  reversiUe. 
of  the  typical  metals  are  not  hydralysed  (see  Chap,  -m 
The  distinction  is  not  perfectly  sharp,  however.  Th 
gives,  both  salts  like  the  sulphate,  Zn.SO«,  and  chloridi 
compounds  like  sodium  zincate  (p.  67),  ZnO^.  Vwj, 

ChtMificaiion  by  Atomic  Weights.  —  Newlanda   ( 

covered  a  surprising  regularity  that  became  apparent  1 
meats  were  placed  in  the  order  of  ascending  atomic  wag 
hydrogen  (at.  wt.  1)  the  first  seven  were:  lithium  (7),  g 
boron  (11),  carbon  (12).  nitrogen  (14),  oxygea  (16),  t 
These  are  all  of  totally  different  classes,  and  include 
forming  a  strongly  basic  hydroxide,  then  a  metal  of  tfe 
sort,  then  five  non-metals  of  increasingly  negative  chara 
being  the  most  active  non-metal  known.  The  next  e 
fluorine  (19)  was  sodium  (23),  which  brings  us  back  sb 
elements  that  form  strongly  basic  hydroxides.  Omitti 
nextseven elements were:sodium  (23),  magneuum  024.4] 
(27),  silicon  (28.4),  phosi^orus  (31),  sulphur  (32),  chit 
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hown  by  the  fact  that  the  valence  and  eveo  the  physical  proper- 
I,  such  as  the  specific  gravity,  show  a  similar  fluctuation  in  each 
ies.  In  tlie  first  two  series  the  compounda  with  other  elements 
of  the  tjT)es: 

LiCI.  GlCl,,  BC1„  ecu      {^',oH„FH. 


NaCl,  MgCl,,  AlCl,,  SiCl,, 


(  P,0,.  SO3,  CljO, 
I  PH.,  SH,,  CIH. 


iia  the  valence  towards  chlorine  or  hydrogen  ascends  to  four  and 
n  reverts  to  one  in  each  octave.  The  highest  valence,  shown  in 
rgen  compounds,  ascends  from  lithium  to  nitrogen  with  viUues  one 
five,  and  then  fails  becauiK  compounds  are  lacking.  In  the 
nnd  octave,  however,  it  goes  up  continuously  from  one  to  seven. 
Lgain,  the  specific  gravities  of  the  elements  in  the  second  series, 
iig  the  data  for  red  phosphorus  and  liquid  chlorine,  are: 
Na  0.97,  Mg  1.75,  AI  2.67,  Si  2.49,  P  2.14,  S  2.06,  O  1.33. 

Mendeltjeff'a  Scheme In    1S69   Mendelejeff   published   an 

iportant  contribution  towards  adjusting  the  difficulty  which  the  ele- 
ita  following  chlorine  presented,  and  developed  the  whole  concep- 
i  ao  completely  that  the  resulting  system  of  classification  has  been 
nect«<l  with  his  iiatne  ever  since,     Almost  simultaneously  Lothar 
rer  made  similar  suggestions,  but  did  not  urge  them  with  the 
le  conviction  or  elaborate  them  so  fully.      The  table  on  the  fol- 
ing  page,  in  which  the  atomic  weights  are  expressed  in  round 
obers.  is  a  modification  of  one  of  Mendele Jeff's. 
Tie  chief  change  tnim  the  arrangement  in  simple  octaves  is  that 
third  series,  beginning  with  potassium,  is  made  to  furnish  mate- 
for  two  octaves,  potassium  to  manganese  and  copper  to  bromine, 
,  is  called  a  long  aeries.    The  valences  (all  in  with  this  plan  fairly 
I.    Copper,  while  usually  bivalent,  forms  also  a  series  of  com- 
inda  in  which  it  is  univdent.     Iron,  cobalt,  and  nickel  cannot  be 
■commodated  in  either  octave,  as  their  valences  lire  always  two  or 
three.     At  the  time  Mendelejeff  made  the  table,  three  plac(«  in  the 
third  series  had  to  l>e  left  blank,  as  a  trivalent  element.  [Sc]  was  lack- 
ing in  the  first  octave,  and  a  trivalent  [Ga]  and  a  quadrivalent  one 
[Ge]  in  the  second.     These  places  have  since  been  filled,  as  we  shall 
presently  see.    The  Brat  two,  (the  short)  series  have  been  split  in  the 
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table,  as  lithium  and  sodium  closely  resemble  potassium,  while  the 
remaining  members  of  these  series  fall  more  naturally  over  the  corre- 
~6ponding  elements  of  the  second  octave  of  the  third  series. 

The  fourth  series  (lo^ig)  's  nearly  complete.     It  begins  with  an 

—active  alkali  metal,  rubidium,  and  ends  with  iodine,  a  halogen.    The 

!   rule  of  valence  is  strictly  preserved  throughout  the  series,  and  in  gen- 

^eral  the  elements  fall  below  those  which  they  most  closely  resemble. 

The  fifth,  ai.vth,  and  seventh  (long)  series  are  incomplete,  but  the 

order  of  the  atomic  weights  and  the  valence  enable  us  satisfactorily 

to  place  those  elements  which  are  known.     The  chemical  relations  to 

elements  of  the  fourth  series  justify  the  position  assigned  to  each, 

-  Caesium,   for  example,  is  the   most  active  of   the  alkali  metals; 

barium  has  always  been  classed  with  strontium,  and  bismuth  with 

antimony. 

In  two  cases  a  shght  displacement  of  the  order  according  to  atomic 
weights  is  necessary.  Cobalt  is  put  before  nickel  because  it  resembles 
iron  more  closely.  Tellurium  and  iodine  are  placed  in  that  order  to 
bring  them  into  the  sulphur  and  halogen  groups  respectively.  Their 
valence  and  other  chemical  relations  both  require  this.  The  general 
agreement,  however,  is  very  remarkable. 


Oenerat  ItelatU>n»  in  the  Syatem.  —  In  every  octave  the  val- 
ence towards  oxygen  ascends  from  one  to  seven,  while  that  towards 
hydrogen,  in  the  cases  of  the  last  four  elements  (when  they  combine 
with  hydrogen  at  all),  descends  from  four  to  one.  The  physical 
properties  fluctuate  within  the  limits  of  each  series  in  a  similar  way. 
The  values  of  each  physical  constant  for  corresponding  members  of 
the  successive  scries  do  not  exactly  coincide,  however.  A  progres- 
sive change,  as  we  descend  each  vertical  column,  is  the  rule.  Thus 
the  specific  gravities  (water  =  1)  of  the  alkali  metals  rise  from 
lithium  (0.53)  to  caesium  (1.87),  In  the  same  group  the  melting- 
points  descend  from  lithium  (ISfl°)  to  caesium  (26.5"). 

As  yet  no  exact  mathematical  relation  l>etween  the  values  for  any 
property  and  the  values  of  the  atomic  weights  has  been  discovered; 
only  a  genei'al  relationship  can  be  traced.  Anticipating  the  discov- 
ery of  some  more  exact  mode  of  stating  the  relationship  in  each  case, 
and  remembering  that  similar  values  of  each  property  recur  periodi- 
cally, usually  at  intervals  corresponding  to  the  length  of  an  octave 
or  series,  the  principle  which  is  assumed  to  underlie  the  whole,  the 


limits.  Again,  the  elements  at  the  top  are  the  least  me 
respective  columns.  As  we  descend,  the  members  of  et 
more  markedly  metallic  (in  the  first  columns),  or,  whai 
tiling,  less  markc<lly  non-metallic  (in  the  later  columns; 

III  the  first  serieg  boron  is  the  first  non-metal  we  en 
the  scconil  scries  silicon  is  the  first  such  element.  In  tb 
is  more  ilitticulty  in  deciding.  Titanium,  vanadium  am 
are  usually,  though  with  questionable  propriety,  clam 
Selenium  is  undoubtedly  a  non-metal.  Arsenic  is,  od 
non-met^l.  In  the  fourth  series  tellurium  is  common] 
to  bo  tho  first  non-metal.  Thus  a  zigzag  line,  tOiown  i 
separates  ul!  tlie  non-metals  from  the  rest  of  the  elemer 
fines  thcni  in  the  riRlit-hand  upper  comer. 

A  more  compact  form  of  the  table  is  printed  at  the 
Ixwik,  opi)osite  the  rear  board.  The  only  difference  I 
and  the  other  is  that  the  two  octaves  of  each  long  serie 
placed  in  the  same  set  of  seven  main  columns.  The  in>D 
and  platinum  groups  occupy  a  column  on  the  right  i 
colunms,  anil  are  often  called  collectively  the  eighth  ( 
newly  discovered  elements,  found  chiefly  in  the  air,  have 
at  tlie  left-hand  side.  Since  they  do  not  enter  into  con 
all,  their  valence  may  appropriately  be  given  as  zero. 
exception  of  argon,  the  values  of  their  atomic  weights  agr 
thifl  tu»igimient.     Hydrogen  is  the  only  commoD  den 
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B  an  atomic  weight  44  and  would  be  trivalent.     From  the  nature 

iie  surrounciing  elements,  he  very  cleverly  deduced  many  of  the 

J  and  chemical  properties  of  the  unknown  element  and  of  its 

wunds.     In  1S79   Nilson  discovered  scandium   (44),   and  its 

corresponded  closely  with   that  predicted;    Mendeiejeff 

libed  accurately  two  other  elements,  likewise  unknown  at  the 

In  1S75  Lecoquc  dc  Boisbaudran  found  gallium,  and  in  I&S8 

kler  discovered  germanium,  and  these  blanks  were  filled. 

By  enabling  us  to  decide  on  the  coiT«ct  vaIubb  for  tho  atomic 
j^ta  of  some  elements,  when  the  equivalent  weights  have  been 
I,  but  no  volatile  compound  is  known  (c/.  pp.  130  and  147). 
.,  the  equivalent  weight  of  indium  was  38  and,  as  the  element 
I  BuppoBcd  to  be  bivalent,  it  received  the  atomic  weight  76.  It 
ite  nut  of  place  near  arsenic  (75),  however,  lieing  decidedly  a 
As  a  trivalent  element  with  the  atomic  weight  115,  it  fell 
n  cadmium  and  tin.  Later  work  fully  justified  the  change, 
e  recently,  radium  iq.v.)  has  been  discovered,  and  found  to  have 
aivalent  weight  113.25  and  to  resemble  barium.  If,  like 
BSum,  it  ia  bivalent,  it  occupies  a  place  under  this  element,  in  the 
Beries. 
By  soggwting  problema  for  investigation.  The  periodic  s>-stem 
s  boen  of  constant  service  in  the  course  of  inorganic  research,  and 
has  often  furnished  the  original  stimulus  to  such  work  as  well.  For 
example,  the  atomic  weight  of  tellurium  bore  the  value  128  when  the 
table  was  first  constructed,  and  it  was  confidently  expected  that 
reexamination  would  bring  tliis  value  below  that  of  iodine  (then  127, 
now  126.97).  Several  most  careful  studies  of  the  subject  have  been 
made  by  different  methods.  It  seems  probable  that  the  real  value 
of  the  atomic  weight  is  not  far  from  Te  =  127.6,  and  therefore  more 
than  half  a  unit  greater  than  that  of  iodine.  Since,  however,  mathe- 
matical correspondence  is  found  nowhere  in  the  ^stem,  the  existence 
of  marked  inconsistencies  like  this  iiecil  not  shake  our  confidence  in 
its  value  when  it  is  used  with  due  consideration  of  the  degree  of 
correspondence  to  be  expected, 

4.  By  furni.shing  a  coinprchenslve  classification  of  the  elements, 
Arranging  them  so  as  to  exhibit  the  relationships  among  the  physical 
and  chemical  properties  of  the  elements  themselves  and  ^f  their  com- 
poundji.  Constant  use  will  be  made  of  this  property  of  the  table  in 
the  succeeding  chapters.    Having  disposed  of  the  halogen  and  buI- 
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phur  families,  flitoated,  respeetivdt^r  in  the  seventh  «i^ 
of  the  table  (at  the  end  of  this  book),  we  AaR  next  take  opsste 
and  phoephorua  from  the  ri^t  aide  of  the  fifth  eohnnn.  Tbafrs 
the  fourth  column,  we  shaO  sdeet  earfaon  and  aifieoa.  and  traa 
third  boron,  I&ving  the  other,  more  decidedly  '"^r^^rn^**  efcgggj 
later  treatment. 


ExercU€9.  —  1.  Can  you  explain  the  pujaimee  at  free  aekngc- 
the  flues  of  pyrite-bumers  (p.  270)? 

2.  How  should  you  attempt  to  obtain  KIO  and  KBiO«? 

3.  Make  a  list  of  bivaloit  dements  and  critieiae  this  metaod^ 
grouping  as  a  means  of  chemical  claaaficatkm. 

4.  Write  down  the  symbols  of  the  dements  in  the  fomtii  asi 
(that  beginning  with  rubidium,  and  ending  with  iodine)  on  p.  2^^ 
Record  the  valence  of  each  dement  toward  oxygen,  using  for  M 
ence  the  chapters  in  which  the  oi^gen  compounds  are  deaoibei 


s 

m 

^  CHAPTER  XXIV 

NITBOGEM   AND   AMMONIA 

f 

When  the  oxygen  of  the  air  was  removed  (p.  45),  a  gas  remained 

J  which  was  largely  nitrogen.    It  did  not  support  combustion  or  life, 

.  and  was  nam^  dzote  (Gk.  {oirticoc,  life).    The  English  name  records 

the  fact  that  it  is  an  important  constituent  of  saltpeter  KNO3  (Lat. 

fdbrum). 

The   Chemical  MeUMans  of  the  Element   Nitrogen.  —  In 

compounds  with  hydrogen  and  the  metals  nitrogen  is  trivalent, 
while  in  those  containing  oxygen  and  other  negative  elements,  it  is 
frequently  quinquivalent.  It  is  a  non-metal,  for  its  oxides  are  acidic 
(p.  272).  The  compoimds  of  nitrogen  are  often  extremely  active 
and  interesting.  Those  of  them  which  we  have  to  discuss  in  inor- 
ganic chemistry  are  ammonia  NH,  and  nitric  acid  HNO„  and 
several  related  substances. 

Occurrence  and  JPreparaUon.  —  Free  nitrogen  is  present  in 
the  air.  The  nitrates  of  potassium  and  sodium  are  found  in  Bengal 
and  Peru  respectively.  Natural  manures,  such  as  guano,  contain 
large  quantities  of  nitrogen  compounds,  and  owe  part  of  their  value 
as  fertilizers  to  this  fact.  Nitrogen  is  an  essential  constituent  of 
vegetable  and  animal  matter.  The  albumins,  for  example,  contain 
on  an  average  about  15  per  cent  of  combined  nitrogen. 

Nitrogen  containing  about  one  per  cent  of  argon  (q.vi)  is  obtained 
by  burning  phosphorus  in  air,  or  by  passing  air  over  heated  copper. 

Pure  nitrogen  is  prepared  by  heating  ammonium  nitrite: 

NH.NO,  -^  2H,0  -f  N,. 

In  practice,  strong  solutions  of  ammonium  chloride  and  sodium 
nitrite  are  mixed,  a  double  decomposition  results  in  the  formation  of 
ammonium  nitrite,  NH^Cl  +  NaNO,  ^  NH^NO,  +  NaCl,  and  this 
breaks  up  when  heat  is  applied,  giving  nitrogen. 
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We  may  also  prepare  nitrogen  by  the  oxidation  of  ammoma  (NH^V 
by  passing  the  latter  over  heated  cupric  oxide  (see  p.  282),  orbvtbe 
reduction  of  nitric  oxide  (NO)  by  passing  this  gas  over  heated 
copper. 

Physical  and  Chemical  JProperHes»  —  Nitrogen  is  a  oolories. 
tasteless,  odorless  gas,  as  we  should  expect  from  the  fact  that  air 
possesses  these  properties.  It  forms  a  colorless  liquid,  boiling  ti 
-  194°,  and  a  white  solid  (m.-p.  -  214**).  The  solubility  in  mm 
(1.6  vols,  in  100)  is  less  than  that  of  oxygen. 

The  density  of  the  gas  shows  the  formula  of  free  nitrogen  to 
be  Nj. 

Nitrogen  unites  with  few  elements  directly.  At  ordinaiy  tempei- 
tures  it  is  almost  absolutely  indifferent.  When  passed  over  heated 
lithium,  calcium,  magnesium,  or  boron,  it  forms  nitrides,  in  wfaidiis 
is  trivalent.  These  have  the  formuke  liaN,-  CajN,,  Mg,N„  and  BS 
respectively.  When  the  gas  is  mixed  with  oxygen  or  hydrogen,  vi 
sparks  from  an  induction  coil  are  passed  between  platinum  wiitf 
through  the  mixtures,  small  amounts  of  nitrogen  tetroxide  NjOt 
and  ammonia  NH3,  respectively,  are  produced. 

One  case  of  direct  union  of  nitrogen  is  of  economic  importaact 
The  supply  required  by  most  plants  is  obtained  from  nitrogen  coa- 
pounds  contained  in  fertilizers,  or  equivalent  substances  aliwy 
present  in  the  soil.  With  the  leguminosas  (peas,  beans,  clover  etc-. 
however,  are  found  associated  certain  bacteria,  which  flourish  b 
nodules  upon  their  roots.  These  bacteria  have  the  power  of  takini 
free  nitrogen  from  the  air,  which  penetrates  the  soil,  and  produdci 
compounds  containing  nitrogen.  The  nodules  often  contain  ovc 
five  per  cent  of  combined  nitrogen.  The  compounds  are  chiefr 
albumins,  which  are  afterwards  digested  and  absorbed  by  the  roo« 
of  the  plant. 

Compounds  of  Nitrogen  and  Hydrogen. — The  commonest  anc 

longest  known  of  these  substances  is  ammonia  NH,,  which  was  firS 
described  by  Priestley  (1774)  and  named  "  alkaline  air."  Curtia 
discovered  hydrazine  NjH^  in  1889,  and  hydrazoic  acid  HN,  in  189ft 
Hydroxylamine  NH3O,  discovered  by  Lessen  in  1865,  is  mmilnf  u 
ammonia  in  chemical  behavior. 
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Ammonia  NH,. 
tarafton, —  1.  When  sparks  from  an  induction  coil  tire  passed 
tligh  a  mixture  of  nitrogen  and  hydrogen,  very  email  proportions 

e  materials  unite  to  form  ammonia  (see  below). 
[  When  wat«r  is  added  to  the  nitride  of  magnesium  or  calcium 
ISO),  ammonia  is  pven  off  and  the  hydroxide  of  the  metal 

^^-  Mg,N,  f  6H,0  —  3Mg{0H),  +  2NH,. 
.  When  parts  of  animals,  particularly  the  homa,  hides,  and 
feathers,  which  contain  complex  compounds  of  carbon,  nitrogen, 
hydrogen,  and  oxygen,  are  heated  strongly,  much  of  the  nitrogen  is 
driven  out  as  ammonia.  Hence  the  name  spirit  ofhartahom,  applied 
to  the  aqueous  solution.^ 

4.  The  entire  commorciBl  supply  is  obtained  as  a  by-product  from 
operations  like  the  manufacture  of  iliuminating-gas  and  of  coke,  in 
which  the  destructive  distillation  of  coal  takes  place  The  crude 
mixture  of  gases  passes  first  through  water,  in  which  most  of  the 
ammonia  dissolves. 

5.  In  the  laboratory,  a  mixture  of  slaked  lime  and  some  salt  of 
ammonium,  auch  as  ammonium  chloride,  either  with  or  without 
water,  is  heated  in  a  flask  or  retort  provided  with  a  delivery  tube: 

^  Ca(OH),  +  2NH,Ci  U  CaCI,  +  2NH,0H, 

■  NH,OH  fc;  H,0    +  NH,. 

I     8.  Warming  the  aqueous  solution  gives  a  steady  stream  of  the  gaa. 
Since  the  gas  is  ver>-  soluble  in  water,  it  is  collected  over  mercury 
or  by  upward  displacement  of  air.     It  is  dried  with  quicklime. 

rityrical  Proptrrtiea,  —  Ammonia  is  a  colorless  gas  with  a  pun- 
gent, characteristic  odor  familiar  in  amclling-salts.  Tlie  G.M.V.  of 
the  gas  weighs  17.26  g.,  so  that  the  density  is  little  more  than  half 
that  of  air  (<■/.  p.l26).  When  liquefied  it  boils  at  -«34°  and  the  solid 
ia  white  and  ciystalline  (m.-p.  —  77°).  One  volume  of  water  di»- 
eolven  1148  volumes  of  the  gas  at  0=,  704  volumes  at  16°.  and  306 
volumes  at  50°.  The  35  per  cent  solution,  sold  as  "  concentrated 
ammonia,"  has  a  sp.  gr.  0.882.  The  whole  of  the  dissolves!  gaa  may 
be  removed  by  boiling  (c/,  p.  120). 

liquefied  ammonia  is  used  in  ratrigoratton.  The  gas  is  liquefied 
by  compression,  and  the  heat  which  ia  thus  liberated  is  removed  by 
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flowing  water  which  surrounds  the  pipes.  The  liquid  then  passes  bfi 
other  pipes  immersed  in  calcium  chloride  brine,  and  is  thm  Jkf^ 
to  evaporate,  the  gas  returning  to  the  compresBor.  The  heit  d 
vaporization,  260  calories  per  gram,  is  taken  from  the  brine,  iriiichii 
thus  partially  frozen.  The  resulting  freezing  mixture  of  ioe  tt! 
calcium  chloride  solution  is  then  distributed  to  the  localitieBtolK 
cooled.  The  ammonia  and  brine  remain  within  their  respectzn 
closed  systems  of  pipes,  and  are  used  over  and  over  ^yin. 

Chemical  Properties.  —  The  discharge  from  an  inductioiKGL 
decomposas  ammonia  (to  the  extent  of  94-98  per  cent)  into  nitio^ 
and  hydrogen.  Under  the  same  circumstances,  union  of  the  cot 
stituents  also  occurs  (up  to  2-6  per  cent) : 

2NH,  t^  N,  +  3H,. 

Ammonia  reduces  certain  oxides,  when  led  over  them: 

3CuO  -f  2NH J  ->  3Cu  +  311,0  +  N„ 

and  bums  in  pure  oxygen  with  the  same  result. 

Ohlorine  and  bromine  combine  with  the  hydrogen  and  liberste  A 
nitrogen  of  ammonia.  This  action  may  be  used  for  obtaininfi 
stream  of  nitrogen,  provided  excess  of  chlorine  is  avoided  (see  Xit."^- 
gen  trichloride,  below).    Chlorine  is  led  into  a  solution  of  ammooic: 

chloride:  2NH,C1  +  SCl^  ->  N,  f  +  SHQ. 

The  power  to  form  a  base  by  combination  with  water  is  the  moei 

characteristic  property  of  ammonia: 

NH,  (gas)  ^  NH,  (dslvd)  -f  H,0  ^  NH.OH  fcp  NH/  +  OH'. 

Probably  only  a  small  proportion  of  the  gas  is  actually  combined  s 
any  one  time,  the  greater  part  being  simply  dissolved. 

The  gas  unites  also  with  acids,  forming  salts  (cf.  p.  232)  which, ': 
solution,  are  hignly  ionized: 

NHj  4-  HCl      ->  NH4.a, 
NHj  +  HNO3  -►  NH,.NO,. 

Ammonium  Compotnids.  —  Since  NH4  pla3r8  the  part  of 
metallic  element,  entering  into  the  composition  of  a  base  and  of 
series  of  salts,  it  is  named  ammonium.    As  this  radical  forms  a  unin 
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^eait,  positive  ion  and  gives  a  <li3tinctly  alkaline  baae,  it  is  classed  with 
Lthe  metallic  elements  of  the  alkalies  {g.v.). 

Ammonium  hydroxido,  although  less  completely  ioniised  than  potas- 
sium hydroxide,  affects  htmiis  easily.  In  a  normal  solution  about 
U.4  per  cent  of  the  ammonia  is  in  the  form  of  ammonium-ion  NH,'. 
When  an  acid  is  added  to  the  solution,  the  correspondingly  small 
iwunt  of  hydroxide-ion  which  exists  in  it  is  removed  and  the 
irious  equilibria  are  displaced  forwards.  The  final  result  is  the 
.-.idie  as  with  any  other  base: 

NHJdslvd)  +  H,0  iz!  NH,OH  t^  NH/  +  OH'  >  ^  „  -. 
HCl  !=i     CI    +    K  \^ ">"• 

-  When  strongly  heated,  all  umnomum  »Its  are  decomposed  and, 
usually,  give  ammonia  and  the  acid.  When  the  latter  is  volatile, 
the  whole  material  of  the  salt  is  thus  converted  into  gas.  If  the 
acid  is  volatile  without  permanent  decomposition,  it  reunites  with 

-  the  ammonia  when  the  vapor  is  cooled: 

NH4Clf:*HCl  +  NH,. 

The  use  of  ammonium  chloride  (salammoniac)  in  soldsring  depends 
i  on  the  dissociation  of  the  salt,  by  the  heat  of  the  iron,  and  the  action 
*  of  the  liberated  hydrochloric  acid  on  the  oxide  which  covers  the 

surface  of  the  metal  to  be  soldered. 

The  l«t  for  ammonium  salts  is  to  warm  them,  dry  or  in  solution, 

with  a  base: 

2K0H  »  2K'    +  20H'  (  -  ^"H.OH  ^  2H,0  +  2NH,  f , 

when  the  odor  of  ammonia  becomes  noticeable.  When  the  solution 
is  used,  it  is  the  tenilenry  of  the  NH/  and  OH'  to  unite  to  form  the 
slightly  ionized  molecular  hydroxide  that  sets  the  other  equilibria 
in  motion. 

In  ammonium  stilts,  the  nitrogen  is  quinquivalent. 

Hydrazine  NjH,.  —  By  reduction  of  a  compound  of  nitric  oxide 
and  potassium  sulphite  by  means  of  sodium  amalgam,*  a  solution 
of  hydrazine  hydrate  is  obtained : 

K,S0„2N0  +  3H,  -  N,H„H,0  +  K^O,. 

*  The  sodiutn  JcBBolvcd  in  the  mercury  interacts  with  the  water,  giving 
bydrogea  (mb  Active  stMe  of  hydrogen). 
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When  the  hydrate  is  distilled  with  bariiun  oxide,  under  ndui 
pressure,  hydrazine  is  liberated: 

N,H„H,0  +  BaO  ->  N,H,  f  +  Ba(OH)^ 

Hydrazine  hydrate  freezes  at  about  —  40®  and  boils  at  118J. 
Its  aqueous  solution  is  alkaline,  and  salts  are  formed  by  neutnlia- 
tion. 

Hydrazai4:  Acid  HNy  —  When  nitrous  oxide  (q,v.)  is  led  ow 
sodamide  at  200°,  water  is  liberated  and  sodium  hydrazoate  raniix 
behind:  ^iu^^a  +  N,0  -^  NaN,  -h  H,0. 

A  dilute  solution  of  the  free  acid  is  best  obtained  by  distilling  t's 
lead  salt  with  dilute  sulphuric  acid. 

The  pure  acid  (b.-p.  37°)  is  violently  explosive,  resolving  iwe 
into  nitrogen  and  hydrogen  with  liberation  of  much  heat: 

HN3,Aq  -*  H  4-  3N  +  Aq  +  61,600  cal. 

Halogen  Compounds  of  Nitrogen.  —  When  ammonium  chlorik 
solution  is  treated  with  excess  of  chlorine,  drops  of  an  oily  liq&- 
nitrogen  trichloride,  are  formed:  SClj  -h  NH^Cl  -— ►  NCI,  -f  4HC1.  1 
is  extremely  explosive,  resolving  itself  into  its  constituents  »r* 
liberation  of  much  heat. 

When  a  solution  of  iodine  in  potassium  iodide  solution  (p.  Iv 
is  added  to  aqueous  ammonia,  a  brown  precipitate  is  formed.  Tl- 
seems  to  have  the  composition  NjH,!,,  and  is  named  nitrogen  iodid! 
It  may  he  handled  while  wet.  When  dry,  if  touched  with  a  featw: 
it  decomposes  into  its  constituents  with  violent  explosion. 

Exercises.  —  1.  When  moist  air  is  used  as  a  source  of  nitroc^ 
what  advantage  is  there  in  using  copper  rather  than  the  less  expe: 
sive  metal  iron,  for  removing  the  oxygen  (p.  66)? 

2.  How  many  grams  of  water  at  0*^  could  l)e  frozen  (p.  78)  bv :: 
removal  of  the  heat  rccjuired  to  evaporate  50  g.  of  liquid  ammon: 
(p.  282)? 

3.  How  many  grams  of  ammonia  are  contained  in  1  1.  of  "  conce: 
trated  ammonia  "  (p.  281)? 

4.  What  are  the  ions  of  hydrazine  hydrate?  Formulate  (p.  23? 
the  neutralization  of  this  base  with  sulphuric  acid. 
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^     6.  What  is  the  object  attained  by  distilling  under  reduced  pres- 
sure in  making  hydrazine  (p.  284)  ? 

6.  Classify  (pp.  124, 163)  the  interaction  of  a  nitride  with  water 
■^  (p.  281)  and  of  chlorine  and  ammonium  chloride  (p.  282),  and  the 
^  results  of  heating  ammonium  nitrite  (p.  279)  and  ammonium  chloride 
(p.  283). 


i» 


CHAPTER  XXV 
THE   ATMOSPHEBB.     THE    HBUTDM    FAMILT 

The  pressure  which  is  exerted  by  the  air  upon  each  aquaie  ei^ 
meter  of  the  earth's  surface  is  1033.6  g.,  or  a  little  over  one  kflopft 
This  is  nearly  fifteen  pounds  to  the  square  inch* 

There  are  three  classes  of  componento  in  the  air*  Those  of  tbel 
class,  oxygen,  nitrogen,  and  the  inert  gaises  of  the  helium  fanulv^ 
below) ,  are  present  in  almost  ccntUnt  qiiantttlMi.  lliose  of  the  w0^ 
class  are  very  variable  in  quantity,  althou^  found  in  all  sampls' 
air,  and  include  carbon  dioxide  and  water  vapor.  Thoae  of  the  tf 
class,  such  as  the  sulphur  dioxide  in  city  air,  are  aeetdaotal.  FSn^ 
one  significant  component  of  the  air  is  the  dut. 

ComponetUs  which  are  Catistani  in  A.tnountm  —  In  thedBfc^ 
mination  of  the  oxygen  in  air,  phosphorus  in  the  form  of  thin  las 
may  be  used.  In  this  way .  a  great  surface  is  obtained,  aod  ci 
absorption  of  oxygen  from  a  measured  sample  of  air  may  be  cani0C 
out  in  a  few  seconds. 

In  the  air  taken  from  mines,  from  mountcdn  tops,  from  the  suite 
of  the  sea,  and  from  inland  regions,  the  percentages  of  oxyg^lf 
volume  arc  found  to  be  fairly  constant,  ranging  between  20iS 
and  21.00,  the  latter  being  the  proportion  in  normal  air. 

When  the  residual  gas  is  led  slowly  through  a  heated  tube  coft 
taining  magnesium,  the  nitrogen  unites  with  the  metal  to  form  tk 
solid  magnesium  nitride  (p.  280),  and  only  about  10  c.c.  out  of  evej 
liter  remains  uncombined.  This  residuum  is  argon,  driixed  with  ott 
hundredth  of  its  volume  of  other  gases  belonging  to  the  heliai 
family.  It  is  possible  that  a  trace  of  hydrogen  (q/1  p.  63)  is  one  o 
the  regular  components  of  air. 

CtnnpofieHtii  which  are  Variable  in  Amount.  —  Pure  oountr 
air  contains  about  3  parts  in  10,000  of  carbon  dioxide.  In  city  li 
there  are  from  6  to  7  parts  in  the  same  volume,  while  in  the  air  c 
audience-rooms  the  proportion  may  rise  as  high  as  50  parta. 
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I  determine  the  proportion  of  carbon  dioxide,  a  measured 
i  of  air  is  bubbled  slowly  through  a  measured  volume  of  a 
lEttion  of  barium  hydroxide  of  known  concentration.  Barium  car- 
onate  is  precipitated:  Ba(OH),  +  CO, -►  BaCOJ  +  H,0,  and 
he  quantity  of  barium  hydroxide  remaining  is  determined  by 

■  itration  (p.  242). 

The  sources  of  the  carbon  dioxide  in  the  air  are  numerous.  It 
omes  from  the  decay  of  vegetable  and  animal  matter,  in  which, 
ihiefly  through  the  influence  of  minute  vegetable  organisms,  the 

■  .■arbon  is  oxidized  to  carbon  dioxide.     It  is  formed  also  by  the  com- 
justion  of  coal  and  wood,  and  is  exhaled  by  animals.    The  proportion 

.  jf  this  gas  in  the  air  would  naturally  increase  continuously,  though 
^  jlowly,  as  the  result  of  these  processes,  were  it  not  that  it  is  removed 
'jU8t  as  continuously  by  the  action  of  growing  plants  (see  p.  324). 

The  quantity  of  vatcr  vapor  in  the  air  is  constantly  chan^ng.  It 
"^Increases  locally  byevaporfttion  from  the  soil  and  from  natural  waters, 
particularly  in  warm  weather.  It  decreases  when  local  cooling  leads 
lo  the  precipitation  of  water  in  the  forms  of  mist  and  rain.  The 
phrase  commonly  heard,  that  on  a  moist  day  the  atmosphere  is 
-*'  laden  "  with  moisture,  is  peculiarly  inapt.  We  recognize  at  once 
irfrom  observation  of  the  barometer,  which  is  lower  in  such  a  state  of 
^the  atmosphere,  that  the  pressure  of  the  air  is  less.  Moist  air  must 
I  be  lighter  than  dry  air,  for  in  it  a  certain  proportion  of  water  mole- 
cules, of  molecular  weight  18,  is  substituted  for  an  equal  number 
I  (^.  p.  125)  of  molecules  of  nitrogen  and  oxygen  whose  relative 
'i  weights  are  28  and  32  respectively.  The  result  is  therefore  a  diminu- 
I  tion  in  the  specific  gravity  of  the  wr.  The  proportion  of  water  in  a 
I  pven  volume  of  air  may  be  measured  most  accurately  by  permitting 
I  tiieairto  stream  slowly  through  tubes  611cd  with  calcium  chloride 
or  phosphoric  anhyilride.  The  increase  in  weight  of  the  charged 
tut>C8  represents  the  quantity  of  moisture  abstracted  from  the 
sample. 

The  diut  varies  both  in  kind  and  quantity  according  to  the  locality. 
It  is  found  to  bo  partly  inorgjmic.  The  organic  dust  may  be  divided 
into  two  kinds.  The  part  which  is  dead  includes  coal  dust,  refuse 
from  the  streets,  minute  shreds  of  cotton,  linen,  hay,  etc.  The 
living  dust  consists  of  pollen  grains,  spores  of  fung^  mid  other  ptantii, 
bacteria,  and  similar  microscopic  organisms.  The  presence  of  micro 
Bcopic  germs  In  the  air  is  shown  by  the  fact  that  when  nutritive 


Flaaks  can  be  filled  with  dustlesa  air  through  the  c 
that  which  they  contain  by  air  drawn  throu^  a  wi* 
with  12-15  inches  o(  cotton.  It.  has  been  shown  I 
dustless  air  behaves  differently  from  ordinary  air  in 
way  in  which  its  moisture  condenses.  In  onlinai^ 
particles  act  as  nuclei,  and  a  fog  is  formed.  In  dust 
can  be  produced. 

Air  a  Mkctare.  —  Since  the  main  components  o 
definitely  identified  until  the  end  of  the  eighteenth  a 
understand  why  the  substance  was  for  long  oon»d 
element.  The  experiments  which  we  have  described 
oxygen  was  removed  from  the  air  and  the  nitrogera  im 
prove  that  the  original  constituents  were  present  simp 
cal  mixture.  They  might  have  been  combined,  and  ti 
of  phosphorus,  for  example,  might  have  represented  ( 
oxygen  from  combination  with  nitrogen  and  its  api 
the  phosphorus.  It  may  be  well,  therefore,  to  po 
reasons  which  leatl  us  to  regard  the  air  as  a  mixture: 

1.  When  oxygen  and  nitrogen  are  mixed  in  tl 
we  obtain  a  gas  identical  with  air  in  all  its  propi 
evidence  of  any  production  or  absorption  of  hei 
occur  in  case  of  chemical  combination. 

2.  The  proportion  by  volume  is  not  perfectly  < 

3.  The  proportions  by  weight   in   which   the  j 
contained  in  air  are  not  int^srral  multinlea  of  the  m 
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Graham  suggested  an  illustration  which  will  make  those  propor- 
tions clearer.  He  says  that  if  we  imapne  the  air  to  be  divided  by 
friiigjc  into  its  components,  and  to  remain  separated  for  a  time  suiE- 
!(."iitly  long  to  enable  us  to  note  the  proportions,  and  if  the  substances 
.iirange  themselves  in  the  order  of  their  specific  gravities,  we  should 
bave  the  following  layers  resting  upon  the  surface  of  the  earth  and 

'  one  upon  another:  On  the  earth,  five  inches  of  water;  above  that, 
thirteen  feet  of  carbon  dioxide;  above  that,  a  mile  of  oxygen;  and  on 

'  the  top,  aix>ut  four  miles  of  nitrogen.  Ttiis  would  be  on  the  assump- 
tion that  these  gases  were  compressed  so  as  to  have  the  same  denaty 
throughout.  We  should  now  add  a  layer  of  argon,  of  about  ninety 
yards  thickness,  between  the  carbon  dioxi<le  and  oxygen. 

I  Air  and  Health.  —  As  human  beings  n-e  have  an  especial  interest 

I  the  composition  of  the  air,  since  our  living  depends  upon  the 

nrgen  which  we  secure  by  breathing  it  (c/.  p.  52).     We  draw  about 

a  a  liter  of  air  into  our  lungs  at  each  breath,  or  about  half  a  cubic 

ter  per  hour.    The  oxygen  of  this  air  is  partly  used,  being  taken 

p  by  the  blood,  and  part  remains  in  the  exhaled  air.     On  the  other 

Iband,  carbon  dioxide  is  given  off  in  the  lungs  an<i  passes  out  with 

,   the  unused  oxygen.     The  nitrogen  is  unaffected.     In  100  cc.  of 

expired  air  there  are  contained  about  15.9  cc.  of  oxygen  and  4.5  cc. 

of  carbon  dioxide.     The  total  quantity  of  oxygen  consumed  during 

twenty-four  hours  is  about  thrce-fourtlis  of  a  kilogram,  or  more  than 

half  a  cubic  meter.     While  the  greater  part  of  this  gains  access  to 

the  body  through  the  lungs,  more  or  less  exchange  of  gases  takes 

jiliice  in  all  animals  through  the  skin.     The  lower  limit  of  oxygen  for 

rcspirable  air  is  about  10  per  cent,  although  a  candle  goes  out  when 

tiie  proportion  reaches  about  18.5  per  cent. 

JAtiucfnctlttn  of  Oanrni.  —  Tlie  earliest  experiments  of  this  kind 
were  miule  by  Northmore  (1805),  who  liquefied  chlorine,  hydrogen 
cliloride,  and  sulphur  dioxide.  In  1823  chlorine  was  again  liquefied 
by  Faraday.  During  the  following  years  he  reduced  sulphur  dioxide, 
hydroRcn  Hulphide,  rarbon  dioxide,  nitrous  oxide,  cyanogen,  and 
aiimionift  to  the  liquid  condition.  In  1S83  Wroblewski  and  Olszew- 
ski prepared  vi-iiible  amounts  of  liquid  oxygen.  About  the  same 
time  Dewar  devL'^ed  means  of  manufacturing  large  quantities  of 
liquid  air  and  oxygen,  llie  most'  sueceasful  apparatus  for  use  on 
a  small  scale  is  that  devised  by  Uampson. 
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lAquid  Air.  —  Liquid  air  varies  in  oompositiony  as  the  mtrosi 
(b.-p.  —  194°)  is  less  eondensible  than  the  oxygen  (b.-p.  -  1SL5^ 
It  boils  at  about  —  190°,  and  contains  about  54  per  cent  of  oxTfe 
by  weight,  while  air  contains  23.2  per  cent.  By  allowing  evapo» 
tion  to  go  on,  a  liquid  containing  75  to  95  per  cent  of  oxygen  is  n^? 
obtained  (c/.  p.  46).  The  gas  secured  by  the  evaporation  of  tt 
residue  is  pumped  into  cylinders  and  sold  as  compressed  oiy^ 
Cartridges  made  of  granular  charcoal  and  cotton  waste,  when  stifi* 
rated  with  liquid  air,  have  been  used  as  an  explosive  in  mining. 

The  Helium  Family. 

Argon.  —  Lord  Rayleigh  was  the  first  to  observe  that,  iti 
specimens  of  oxygen  and  other  gases  made  purposely  from  varios 
sources  always  had  the  same  density,  nitrogen  was  an  exceptioc 
One  liter  of  nitrogen  made  from  air,  and  supposed  to  be  puit 
weighed  1.2572  g.  When  the  gas  was  manufactured  by  decoop^ 
sition  of  five  different  compounds,  such  as  urea  and  certain  oxides  i 
nitrogen,  the  results  agreed  well  amongst  themselves.  The  mev 
weight  of  a  liter  of  this  nitrogen  was  only  1.2505  g.  The  differeoft 
amounting  to  nearly  7  mg.,  was  very  much  greater  than  the  es^ 
mental  error.  The  suspicion  naturally  arose  that  some  heavier  p 
was  present  in  natural  nitrogen.  Soon  after  (1894),  Professor,  k* 
Sir  William  Ramsay  obtained  argon  by  removal  of  the  greatly  pje 
ponderating  nitrogen  by  means  of  magnesium  (p.  280).  The  oe* 
gas  had  a  molecular  weight  of  about  40,  and  was  therefore  nwP 
than  one-third  heavier  than  nitrogen. 

The  exact  density  of  argon  is  39.9.  When  liquefied  it  boils  i 
—  186^,  and  the  colorless  solid  melts  at  —  189.5®.  The  solubility 
of  the  gas  in  water  (4  volumes  in  100)  is  two  and  one-half  times  tha; 
of  nitrogen.  It  has  not  l)een  found  to  enter  into  any  sort  of  chemifi 
combination,  and  was  named  argon  on  this  account  (Gk.  ^^ 
inactive).  The  physical  properties  show  that  the  molecules  of  the 
gas,  like  those  of  mercury  (p.  138),  are  monatomic. 

Helium.  —  In  1868  Lockyer  first  detected  an  orange  line  in  the 
spectrum  of  the  sun's  prominences  which  was  not  given  bv  loy 
terrestrial  substance  then  knoun.  The  line  was  so  conspicuous  th* 
it  was  attributed  to  the  presence  of  a  new  chemical  element,  whitf 
was  named  helium  (Gk.  17X409,  the  sun).     Ramsay,  in  searching  fcr 
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Bources  of  argon,  examined  the  "  nitrogen  "  which  was  reported  by 
_  various  mineralogiste  as  b^ng  disengaged  when  certain  rare  minerals 
were  heated.  These  minerals,  cleveite,  uraninite,  and  briiggerite, 
were  chieSy  compounds  of  uranium,  yttrium,  and  thorium.  He  was 
suqjrised  to  find  (1S95)  that  the  gas  was  not  always  nitrogen.  It 
frequently  contained  a  large  proportion  of  a  very  light  gas,  the  spec- 
trum of  which  was  identical  with  that  of  solar  helium.  The  same 
gas  is  found  in  small  amount  in  the  atmosphere.  Helium  does  not 
exhibit  any  tendency  to  enter  into  combination.  It  is  monatomic 
'  and  its  density  shows  that  its  molecular  weight  la  4.  It  haa 
neither  been  liquefied  nor  solidified. 

r  JVe/»i,  Krypton,  and  Xentttt,  —  When  the  argon  obttuned  from 

B  atmospheric  nitrogen  is  cooled  with  liquid  air  (-  185"),  the  argon, 

»  krypton,  and  xenon  are  liquefied,  and  the  neon  and  helium  are  di»- 

■  solved  by  the  liquid.     When  heat  is  allowed  to  reach  the  mixture, 

ri  the  last  two  gases  escape  first,  along  with  much  argon.     When  most 

n  of  the  argon  has  escaped,  the  krypton  and  xenon  still  remain  liquid. 

»  By  repeated  liquefaction  and  fractional  evaporation   (see  under 

%  Petroleum),  the  krypton  and  xenon  are  separated  from  the  argon 

H  and  from  one  another.    ^Vben  the  vessel  containing  the  mixture  of 

)|  helium  and  neon  is  immersed  in  liquid  hydrogen  (—  240°),  the  second 

A  freezes  to  a  white  solid,  and  the  helium,  which  remains  gaseous,  can 

jf  be  pumped  off. 

These  gases  are  all  entirely  inactive  chemically,  and  are  all  mon- 

j  atomic.     Their  molecular  weights  are:  Neon,  20;  krypton,  81.5; 
xenon,  128. 


Eje^rclitt^it.  —  1 .  A  sample  of  moist  air,  confined  over  water  at 
15°  and  760  mm.,  occupies  15  c.c.  It  is  mixed  with  20  c.c.  of  hydro- 
pen,  and  the  mixture  ia  exploded,  and  suffers  a  contraction  of  9.5  c.c. 
What  would  be  the  volume  of  the  oxygen  it  conlaineti  it  measured 
dry  at  0*  and  760  mm.7 

2.  Calculate,  from  the  data  on  p.  286  and  the  densities,  the 
percentage  by  weight  of  the  three  principal  components  of  air. 

3.  Of  the  proofs  that  air  is  a  mixture  (p.  288).  which  shows  that 
no  part  of  the  components  is  combined,  and  which  that  the  com- 
ponentji  are  not  wholU/  combined? 


The  names  and  formulae  of  the  oxides  and  oxy^e 

are  as  follows: 

Nitrous  oxifle  N.O  < Hyponitn 

Xiirie  oxide  XO 

Nitrous  anhydride  XjO,         < — *       Nitrous  ac 

Nitrogen  tetrosdde  NjO^  and  SO, 

Nitric  anhydride  N,Oj  < — *       Nitric  acid 

All  the  oxides  are  endothermal  compounda  (p.  fi 
exceptions  of  the  third  and  the  last,  they  are  all 
The  acids,  when  deprived  of  the  elements  of  water 
opposite  which  they  stand.  Conversely,  exceptin 
nitrous  oxide,  the  anhydrides  with  water  give  tl 
these  substances  are  obtained  directly  or  indirectlr  fi 
nitric  anhydride  by  removal  of  water,  the  othets  bi 
turn,  therefore,  fu3t,  to  nitric  acid,  its  sources  and 

Nitric   ,\cid   HNO,. 

Sources.  —  Sodium  nitrate,  or  Chili  saltpeter,  is  f 
region  neiir  the  Iroundarj-  of  Chili  and  Peru.  The 
.5  feet  thick,  2  miles  wide,  220  miles  long,  and  conta 
cent  of  the  salt.  Purification  is  effected  by  recrystall 
Hium  nitrate,  or  Beni^  saltpeter,  is  found  in  the  soil 
hood  of  riUc8  in  India,  Persia,  and  other  oriental  coue 
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Frepartition.  —  When  any  nitrate  is  treated  with  any  acid,  nitric 
d  is  formed  by  a  reversible  double  decomposition.  As  sodium 
rate  is  the  cheapest  salt  of  nitric  acid,  it  is  always  employed.  For 
i  same  reason  of  low  cost,  and,  above  all,  because  of  its  relative 
olatility,  sulphuric  acid  is  used  to  displace  it: 

NaNOa  -f  HjSO,  !=►  NaHSO,  -f  HNOst- 

e  nitric  acid  is  rather  volatile  (b.-p.  86°),  while  sulphuric  acid  (b.-p. 
f)  is  much  less  so,  and  the  two  salts  are  not  volatile  at  all.  Thus 
)  interaction  proceeds  to  completion  very  easily  (c/.  p.  184).  The 
terials  are  heated  in  cast-iron  stills,  and  the  vapor  is  condensed  in 
thenware  pipes  surrounded  by  water. 

Another  action  by  which  attempts  are  being  made  to  manufacture 
ric  acid  is  the  direct  union  of  the  nitrogen  and  oxygen  of  the  air 
ler  the  influence  of  an  electric  discharge.  The  nitrogen  tetroxide 
D,),  which  is  formed  in  small  amounts  at  a  time,  is  dissolved  in 

^^'  3N0,  4-  HjO  4=±  2HNO3  4-  NO. 

e  nitric  oxide  gas,  on  escaping  from  the  water,  unites  directly  with 
^gen  to  reproduce  the  tetroxide.  The  reaction  is  of  interest,  inde- 
idently  of  this  one  application,  because  of  its  reversibility.  It  pro- 
ds forward  with  excess  of  water,  while  the  reverse  action  takes 
joe  when  nitric  oxide  iq.v.)  comes  in  contact  with  concentrated 
ric  acid  in  which  the  quantity  of  water  is  at  a  minimum. 

Physical  Broperties.  —  Nitric  acid  is  a  colorless,  mobile  liquid, 
ling  at  86°,  and  freezing  to  a  solid  which  melts  at  —  47®.  It 
les  strongly  when  its  vapor  issues  into  moist  air  (c/.  p.  120).  An 
leous  solution  containing  68  per  cent  of  the  acid  boils  at  120.5®, 
Ue  the  pure  acid,  pure  water,  and  all  other  mixtures,  boil  at  lower 
iperatures.  This  68  per  cent  nitric  acid  of  constant  boiling-point 
120)  forms  the  "  concentrated  nitric  acid  *'  of  commerce. 

^hetnicfU  Properties.  —  1.  Like  chloric  acid  (p.  196),  and  other 
^gen  acid^  of  the  halogens,  nitric  acid  is  most  stable  when  mixed 
h  water.    The  pure  (100  per  cent)  acid  deeompoBai  while  being 

tilled:  4HN0,  ->  4N0,  +  2H,0  +0„ 

not  with  explosive  violence  like  chloric  acid.    The  distillate  is 
ored  brown  by  dissolved  nitrogen  tetroxide  (NO,).    Repeated 
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2.  Nitric  acid,  when  dissolved  in  water,  is  bigfal 
is  therefore  active  as  an  acid.  By  interaction  with  I 
oxides  it  forms  nitrates. 

3.  When  pure  nitric  acid  (b.-p.  86°)  is  poured  ut 
anhydride,  the  latter  combines  with  the  elemaits 
distillation  ^ves  nitric  anhrdrida :  2HX0,  +  P^O,  —*■  N  i 
The  anhydride  is  a  white  solid  melting  at  30°  and  boil 
unit«s  vigorously  with  water  to  form  nitric  acid,  i 
spontaneously  into  nitrogen  tetroxide  and  oxygen,  2N  C 

4.  Like  the  unstable  oxygen  acids  of  the  halogens  n 
oxldlHlng  sgant  even  when  diluted  with  water.  Hie  i 
the  products  into  which  it  may  be  decomposed  by  reduc 
renders  separate  treatment  of  this  property  neccasary  { 

5.  Nitric  acid  interacts  energeticdly  with  many  t 
carbon  to  give  nltro-dailntlTM.  Thus,  when  heated 
(carbolic  acid)  it  gives  plcite  add  (trinitrophenol,  HC 
which  crystallizes  in  yellow  needles  in  the  mixture: 

C,H,{OH)  +  3H0N0,-»(yi,(0H)(NO,),  +  3 

6.  Organic  compounds  of  another  class,  the  aleohola 
act  with  molecular  mtric  acid  in  a  different  way.  ' 
mixed  with  sulphuric  acid,  which  assists  in  the  removi 
ments  of  water  (p.  263).  Thus,  when  glycerine  is  add 
the  cooled  mixture,  glyceryl  nitrate  (so-called  nteo^ 
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yUraten.  —  The  nitrates  are  all  more  or  less  easily  soluble  in 
When  heated  they  decompose  in  one  or  other  of  three  ways 
!  pp.  296,  299,  300).     The  individual  nitrates,  such  as  sodium 
nitrate  and  potassium  nitrate,  are  described  elsewhere. 

■"  Nitric  Oxide  and  Nitrogen  Tetroxide. 

FreparatloH  of  NUHc  Oxide  JVO.  ^Pure  nitric  oxide  is  ob- 
3   tatned  by  adding  nitric  acid  to  a  boiling  solution  of  ferrous  sulphate 

P dilute  sulphuric  acid  or  of  ferrous  chloride  in  hydrochloric  acid: 
2FeS0,  +  H^O.  ^  Fe,(SOJ,  (4-  2H)    X  3  (1) 
(3H)  +  HNO,  —  NO  +  2H.,0             x  g  (2) 
6FeS0,  +  3H^0,  +  2HNO,-^3re,(SO,),  +  2N0  +  4HA 

.   "Hie  Grst  partial  equation  does  not  take  place  at  all  unless  an  oxidiz- 
i-  ing  agent  like  nitric  acid  is  present  (p.  213),    The  multiplication  of 

the  two  partial  equations  by  3  and  2  respectively  is  required  in  order 
'  tbat  the  hydrogen,  which  is  not  a  product,  may  cancel  out.  This 
"    action  may  be  used  as  a  means  of  determining  the  quantity  of 

nitric  acid  in  a  solution,  or  of  nitrates  in  a  mixture,  by  measure- 
"    ment  of  the  volume  of  nitric  oxide  evolved. 

Aa  we  shall  see,  this  gaa  may  also  be  obtained  when  sufficiently 

cfilute  nitric  acid  (sp.  gr.  1.2)  acta  upon  copper.  Although  some 
'  nitrous  oxide  and  nitrogen  are  produced  in  this  interaction,  it  fur- 
.!    njsbes  a  convenient  method  of  generating  the  gas. 

PropertUa  of  yUrtc  Oxide,  —  Nitric  oxide  is  a  colorless  gas. 
In  solid  form  it  melts  at  -  150°.  and  the  liquid  boils  at  -  142.4" 
under  757.2  mm.  pressure.     Its  solubility  in  water  is  slight. 

The  density  of  the  gas  shows  the  formula  to  be  NO;  and  there  is  no 
tendency  to  form  a  polymer,  such  as  NjO,,  even  at  low  temperatures. 
This  gas  is  the  most  frt.ahle  of  the  oxides  of  nitrogen.  Vigorously 
burning  phosphorus  continues  to  burn  in  the  gaa.  Burning  sulphur 
and  an  ignite<l  taper,  however,  are  extinguished. 

Nitric  oxide  has  two  characteristic  properties.  It  unites  directly 
with  oxygen  in  the  cold  to  form  the  reddish-brown  nitrogen  tetroxide: 
2N0  +  O,  =±  2N0,. 

The  same  result  follows  when  it  is  led  into  warm  concentrated  nitric 
Mid  (c/.  p.  293):  NO  +  2HN0,!=i3N0,  +  H,0. 


i:*-'. 
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icrrous  sulphate.  FeaO,NO.  bemg  capable  of  ^enee  in«!« 
and  possesmg  a  brown  color.  Since  ferrous  sulphate  irl^ 
reduce  lutnc  acid  to  nitric  oxide  (p-  295),  and  the  excesof  tbes: 
wiU  then  give  a  brown  color  with  the  product,  a  deUcatetesb 
nitnc  acid  u  f<3unded  upon  these  actions. 

rreparatioHof  Mtrogen   Tetnajtia^  3©-  —  ThL^  suhfii 
IS  hoerate-i  :>y  heating  nitrates,  other  than  those  of  i»ta«- 

s^MiXTi.  or  animoni-ini: 

LVa  \0,\  -*  2CuO  -^  4XO^  ^  o,. 

In  nio:ft  cases  the  oxide  of  the  metal  remains.  When  the  i^* 
ea.se.  are  le-i  through  a  U-tube  immersed  in  a  freezing  mLxtiL-.,::: 
tetroxide  condenses  as  a  pale-yeUow  Uquid  (b.-p.  22^)  ^j  the  ors: 
pa.si?es  on.  '  -^ 

The  cornpound  may  also  be  made  by  direct  union  of  nitric  otJ 
and  oxygen  or  by  oxidation  of  nitric  oxide  by  concentrated  ni^' 
acid  .p.  29o>.  It  IS  hkewise  almost  the  sole  product  of  the  inT- 
action  01  conrentratrd  nitnc  acid  and  tin  or  copper  (see  p  '>9S>  Iff 
nitric  oxide  were  nnxlucevl  by  the  primar>-action.  it  would  be  oxi-iJ^- 
to  nitrogen  terroxide  in  passing  up  through  the  acid  (p.  295). 

Propei-ties     of    Xitrogen     Teti-oxide. — ^  The     mo^t     -rik:"-: 

peculiarity  ff  this  g:LS  is  that,  when  hot,  it  is  deep  brown  in  cor^^^^ 
when  cold,  pale  yellow.  The  density  of  the  brown  eas  at  '^ 
corresponds  to  the  lornvala  SO..,  that  of  the  yellow  gas  at  '^^-  '■ 
XjO^.  When  the  temi^erature  is  carried  above  154°  \yy  nas-'n«T  ••- 
brown  gas  through  a  reil-hot  tulx?.  the  brown  color  disaDDears^=r  ■ 
nitric  oxide  and  oxygen  are  formed.  On  cooling,  the  same  <i€r- 
through  brown  gas  to  pale-yellow  gas  are  retraced: 

2X0  -rO,^  2X0,  ^  X,0,, 

Colorless  Brown      Colorlesa 

Since  nitrogen  tetroxide  yields  free  oxygen  more  readil\'  than  doc 
nitric  oxide,  phosphorus  l)urns  readily  in  it:  a  taper,  however  i? 
extinguished.  It  has  powerful  oxidizing  properties;  and  "fumine"' 
nitric  acid  (p.  204).  which  contains  it  in  solution,  is  employeil  when 
oxidation  is  the  si^ocial  t)bjoct  in  view. 
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bis  oxide  is  intermediate  in  composition  between  nitrous  and 
ic  anhydrides,  and,  when  dissolved  in  cold  water,  gives  both 
ic  and  nitrous  acids:  N3O4  4-  11,0  -^  HNOj  4-  HNO,.  If  a  base 
esent,  a  mixture  of  the  nitrate  and  nitrite  of  the  metal  is  produced, 
m  the  water  is  not  cooled,  the  nitrous  acid  (g.v.),  being  unstable, 
s  nitric  oxide  and  nitric  acid,  so  that  the  result  is:  3NO3  4-  H,0 
HNO3  4-  NO. 

Oxidizing  Actions  of  Nitric  Acid. 

Tien  nitric  acid  gives  up  oxygen  to  any  body,  it  is  itself  reduced. 
ce,  according  to  convenience,  we  shall  refer  to  oxidations  by,  or 
ictions  of  nitric  acid. 

xidiUian  of  Hydrogen.  —  The  metals  preceding  hydrogen 
le  electromotive  series  (p.  245),  displace  hydrogen  from  nitric 
,  as  they  do  from  other  acids.  With  metjJs  more  active  than 
,  such  as  magnesium,  a  great  part  of  the  hydrogen  escapes  in  the 
condition.  But,  in  the  case  of  zinc  and  the  metals  below  it, 
b  or  all  of  the  hydrogen  is  oxidized  to  water  by  the  nitric  acid,  and 
of  the  acid  is  reduced  (see  Active  hydrogen,  p.  302).  Thus, 
zinc  and  very  dUiUe  nitric  acid,  almost  the  only  product,  aside 
I  zinc  nitrate,  is  ammonia: 

4Zn4-    8HN03->4Zn(N03)3  (4-8H)  (1) 

(8H)  4-      HNO,  -^  NH3  4-  3H3O  (2) 

NH3  4-      HNO3  ->  NH.NOa (3) 

4Zn  4-  IOHNO3 -^  4Zn(N03)3  4-  NH^NOj  4-  3H3O. 

1  the  excess  of  nitric  acid  (3),  ammonium  nitrate  is  formed. 

eavy  MetalB.  —  The  less  active  metals,  such  as  copper  and 
r,  do  not  displace  hydrogen  from  dilute  acids  (p.  245),  but 
ce  nitric  acid,  nevertheless,  and  are  converted  into  nitrates, 
inum  and  gold  (c/.  p.  264)  alone  are  not  attacked.    Thus,  copper, 

somewhat  diluted  nitric  acid,  gives  cupric  nitrate  and  nitric 
e  (NO). 

making  the  equmtion  for  this  action  we  may  use  a  plan  which  is 
icable  whenever  an  oxygen  acid  gives  an  oxide  by  reduction 
p.  260).    We  resolve  the  formula  of  nitric  acid  into  those  of 


^    A         «   &*\.        %Xil         I 


- >  ->e^-l  wTth  copp 

:::n.  .   -H.O  -  2N*0.  (—  O) 

::-.N.  .    -       .-i-O  -Ou  XO,\ 

"  %:IN    .   -  .  ..  — ::v>-    2X0.  -CuXC 

.  .;-  -     ..  .  •    :;  -.r.^      •.■.*: An:  prcvluciion  of  1 

•  •     •   •         ■  _ 

:L::r::  Ac:i    ..v  :  v  v  ::v.-:;^:-.e  ronnation  of  ii 
'-:*n=^i:*.i  Ajii.      1  .i-  >  •:\:\;i:n€vl  by  the  fac 
:■:  ••  \  .;  :  y..ss  .::-.;...v.^-.^ .  ".r.rouch  a  liquid  a 

•  ..:.-      r  :  ^  ■•  .>  :. :-.; ...    "  .»-.: ;  :..:r:c  oxide  with  the 
V- :•.:->;:       ^:  -V  :":-  :::::.-  .i::  1  :>  concentrated,  nil 
.:  :.r: -.V.  :y  :.■{-  .v.u..  :..::  -.v.:::  :he  metal,  must 
:v.:7\:-:::  :c:r;v.  ;o  ..s  .:  :\.s>:-  :!'» through  the  liquid  i 

0.r I tliifion  t*/'  .v< •  n - Mt u tis,  —  \V i t h  no n-met als  1 
J.. 5".  >;:■.*:  ir.  -;  :'..r  '.../.  t.'.o-^'  e'.OTv.or.T?  do  not  give  n 
s  :!;.■-. .17  -^  .•:•".  :::  :.-:r;;  .\*;  :  cvi^  sulphuric  acid,  ale 
•\:  10.  0  '..:.!".  v.  >  .  or  w;:h  ::::rv>^cn  totroxide.  equati 
■^  :h.  .: .w^r :-.::;;  :o  :ho  i.v!ice:itr;\tion  of  the  acid  (see 

■JHNO,   -JXO  -  H,0  v^  30) 
2HNO,   -2X0.   •  H,0    -^  O       x 
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kough  proceeding  simultaneously  in  the  same  vessel  (c/.  p.  196]. 

I  the  equation:  2HN0,  +  C  -*  H,0  +  COj  +  NO  +  NO,,  is  a 

pepresentation.     It  implies  that  equimolar  quantities  of  the  two 

s  of  nitrogen  are  formed.     But  this  could  only  occur  by  chance, 

e  balance  would  be  destroyed  the  next  moment  by  the  lowers 

le  concentration  of  the  acid,  ©ving  the  advantage  to  the  nitric 


I  of  Compounda :  Aqua  Begin.  —  Compounds  like 
rogen  sulphide  and  sulphurous  acid,  which  are  easily  oxidised, 
interact  with  nitric  acid.     With  diluted  nitric  acid,  the  products  are 
B  sulphur  and  sulphuric  acid  respectively. 

The  mixture  of  nitric  acid  and  hydrochloric  acid  is  known  aa  aqua 

The  chlorine  set  free  by  the  oxidation  of  the  hydrochloric  acid 

B  active  than  is  the  ordinary  solution  of  chlorine  in  water,  per- 

)  in  consequence  of  catal3ftic  action  of  the  substances  in  this 

ption  (see  .Active  hydro^n,  p.  302),  and  combines  with  gold  and 

Rinum  Iq.v.),  converting  them  into  chlorides.     Nitrosyl  chloride 

CI),  which,  however,  doee  not  interact  directly  with  the  noble 

9  formed  also: 

0 


*^M±5.-9.7.r^!rO+2H;a-*2H,0  +  CI,  +  CI-N-0 
I  ijiteractioa  with  platinum  ^ves  ehloroplatinic  acid: 
2Ha  +  2CI,  +  Pt  -.  H,PtCI,. 

I  Acid,  Hyponithous  Acid,  and  their  ANHruaiDBB. 

^itrittn  and  yitrouM  AcUI.  —  ^Vhen  the  nitrates  of  potassium 
L  sodium  are  heated,  they  lose  one  unit  of  oxygen,  and  the 
taa  remain: 

2NaN0,  -<■  2NaN0,  +  0^ 

monly  lead  is  stirred  with  the  melted  nitrate  and  assists  in  the 

loval  of  the  oxygen.     The  litharge  ( PhO)  which  is  formed  remains 

■  as  a  residue  when  the  sodium  nitrite  is  dissolved  for  recrj'stalli nation. 

When  an  acid  is  added  to  a  dilute  solution  of  a  nitrite,  a  pale-blue 

solution  containing  Dltroui  acid  HNOj  is  obtained.     The  acid  is  very 

unstable,  however,  and,  when  the  solution  is  warmed,  it  decomposes: 

3HN0,  -.  UNO,  +  2N0  +  H,0. 
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When  a  concentrated  solution  of  sodium  mtrite  is  acidified,  the 
nitrous  acid  decomposes  at  once,  and  a  brown  gas  containing  the 
anhydride  escapes: 

2H-  +  2N0/ 1=;  2HN0,  i=;  H,0  +  N^O,  f. 

This  behavior  distinguishes  a  nitrite  from  a  nitrate. 

Reducing  agents  deprive  nitrous  acid  of  part  or  all  of  its  oxygen: 
2HI  +  2HNO2  -^  2H3O  +  2N0  4-  I,. 

Indigo  is  also  converted  by  it  into  isatin  (c/.  p.  192).  On  the  other 
hand,  oxidizing  agents  which  are  sufficiently  active,  like  acidified 
potassium  permanganate,  convert  nitrous  acid  into  nitric  acid: 

3H^04  4-2KMn04->K3S04+2MnS04  4-3H,0  (H-50)    (I) 

(50)  +  5HNO3  ->  5HNO3 (2) 

SHjSO^ + 2KMn04 + SHNO^-^K^SO^ + 2MnS04  4-  3H,0 + 5HNO, 

Nitrous  acid  is  much  used  in  the  making  of  organic  dyes. 

IfUrous  Anhydride  JVoOg.  —  A  study  of  the  gas  arising  from 
the  decomposition  of  nitrous  acid  shows  that  in  the  gaseous  state 
the  anhydride  is  ahnost  entirely  dissociated: 

N2O3  ;i±  NO  +  NO2. 

When  the  mixture  is  led  through  a  U-tube  immersed  in  a  freezing 
mixture  at  —  21°,  a  deep-blue  liquid  is  obtained  which  is  the 
anhydride  itself.    This  dissociates  when  allowed  to  boil. 

The  same  equimolar  mixture  of  the  two  gases  is  obtained  by  the 
action  of  water  on  nitrosylsulphuric  acid  (p.  259). 

Hyponitrous  Acid  ami  Nitrous  Oxide  N^O*  —  Hyponitrous 
acid  H2N2O3  is  a  white  solid.  Its  solution  in  water  is  an  exceed- 
ingly feeble  acid.  The  warm  aqueous  solution  decomposes  slowly, 
giving  nitrous  oxide: 

HjN.Oj  ->  H2O  +  NjO, 

and  this  change  is  not  capable  of  reversal. 

NitrouB  oxide  is  prepared  by  heating  ammonium  nitrate,  or  a  mix- 
ture of  a  salt  of  ammonium  and  a  nitrate : 

NH4NO3  -^  2H2O  +  N3O. 

The  steam  condenses,  and  the  nitrous  oxide  may  be  collected  over 
warm  water,  or  dried  and  compressed  into  steel  cylinders. 
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Its  solubility  in  cold  water  is  considerable:  at  0°,  130  volumes  in 
100;  at  25°,  60  in  100.  The  liquefied  gas  boils  at  -  89.8^  and  its 
vapor  tension  at  20°  is  49.4  atmospheres. 

A  glowing  splinter  of  wood  bursts  into  flame  when  introduced  into 
nitrous  oxide,  and  phosphorus,  sulphur,  and  other  combustibles  burn 
in  it  with  much  the  same  vigor  as  in  oxygen.  In  all  cases  oxides  are 
formed,  and  nitrogen  is  set  free. 

Metals  do  not  rust  in  nitrous  oxide,  and  the  hsemoglobin  of  the 
blood  is  unable  to  use  it  as  a  source  of  oxygen.  It  is  employed  as  an 
anaesthetic  for  minor  operations.  The  symptoms  which  accompany 
its  administration  caused  it  to  receive  the  name  of  "  laughing  gas." 


Chraphic  FormtUw  of  Nitric  Add  and  Us  Derivatives  :  JEao 
plosives* — The  following  equation  for  the  formation  of  ammonium 
nitrate  by  neutralization  of  ammonium  hydroxide  with  nitric 
acid,  shows  the  graphic  (p.  156),  or  structural  formulsD  of  these 
substances: 


S'^N-OH  +  H-O-Nf^ 
H/  ^O 


h)n-o.n((^-kha 


The  structural  formula  of  the  nitrate  is  intended  to  explain  the  fact 
that  the  salt  is  able  to  exist  at  all,  by  representing  the  oxygen  and 
hydrogen  as  being  separated  from  one  another  and  attached  to  differ- 
ent nitrogen  units.  When  the  equilibrium  of  the  system  is  disturbed 
by  heating,  the  oxygen  and  hydrogen  unite  to  form  water,  an  arrange- 
ment which  is  much  more  stable,  and  nitrous  oxide  (p.  300)  escapes 
with  the  steam. 

The  behavior  of  nitroglycerine  and  gun-cotton  (p.  294),  as  well  as 
of  ammonium  nitrite  (p.  279),  is  explained  in  the  same  way.  These 
substances  are  made  by  actions  which,  like  the  above  neutraliaation, 
take  place  in  the  cold,  and  the  groups,  containing  the  oxygen  on  the 
one  hand  and  carbon  and  hydrogen  on  the  other,  become  quietly 
united  without  more  serious  interaction.  When,  however,  the 
nitroglycerine,  for  example,  is  heated,  or  receives  a  mechanical 
shock,  the  carbon  and  hydrogen,  all  unite  with  the  oxygen  and  the 
nitrogen  escapes: 

4C,H5(N03)3  -^  I2CO3  -f-  10H,O  +  6N,  +  0,. 
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AcHve  O^NascenV^)  Hydrogen.  —  When  hydrogen  gas  is  led 
through  cold  nitric  acid,  little  or  no  action  occurs.  But  (p.  297) 
when  zinc,  or  some  other  metal  which  interacts  with  acids  to  give 
hydrogen,  is  placed  in  nitric  acid  the  latter  is  reduced.  To  explain 
the  apparent  greater  activity  of  the  hydrogen  in  the  second  instance, 
we  note  the  fact  that  it  is  liberated  on  the  surface  of  the  zinc.  The 
contact  effect  (catalytic  action)  of  the  zinc  increases  its  activity. 
Many  metals  have,  in  a  greater  or  less  degree,  this  power  of  increas- 
ing the  activity  of  hydrogen.  Thus,  hydrogen  absorbed  in  platinum 
or  palladium  (p.  73),  or  liberated  by  electrolysis  on  poles  made  of 
these  metals,  reduces  nitric  acid  readily.  Other  elements,  such  as 
the  chlorine  in  aqua  regia  (p.  299)  and  the  oxygen  in  making  sulphur 
trioxide  (p.  257),  are  also  rendered  more  active  by  contact  agents. 

This  more  active  state  of  hydrogen  is  described  as  the  naicwil 
itate,  because  it  happens  to  be  a  common  condition  of  hydrogen  when 
associated  with  substances  which  produce  it.  The  active  state  has, 
however,  no  necessary  connection  with  such  an  immediately  preced- 
ing act  of  liberation,  as  the  platinum  and  sulphur  trioxide  illustra- 
tions, and  the  following  experiment  show:  Three  test-tubes  are 
filled  with  very  dilute  potassium  permanganate  solution.  Zinc 
dust,  added  to  one,  generates  hydrogen  and  causes  decolorization. 
A  little  platinum  black  is  added  to  the  second,  and  hydrogen  gas 
is  led  through  this  and  the  third.  The  contact  action  of  the 
platinum  enables  the  hydrogen  quickly  to  induce  the  permanganate, 
while  the  third  portion  remains  unaltered. 

Exercises.  —  1 .  Make  the  equation  for  the  interaction  of  ferrous 
chloride,  hydrochloric  acid,  and  nitric  acid  (p.  295),  and  for  all  the 
actions  concerned  when  the  test  for  a  nitrate  (p.  296)  is  applied  to 
sodium  nitrate.  What  volume  (at  0°  and  760  mm.)  of  NO  is 
obtained  from  one  formula- weight  of  nitric  acid  (p.  144)? 

2.  Make  correct  equations  for  the  formation  of  nitric  oxide  and 
nitrogen  tetroxide  by  the  action  of  carbon  on  nitric  acid  (p.  299). 

3.  Make  equations  for  the  interaction  of  iron  with  diluted  and 
with  concent rateil  nitric  acid,  respectively  (p.  298).  The  iron  gives 
ferric  nitrate  Fe(N03)3. 

4.  Make  a  classified  list,  with  examples,  of  all  the  kinds  of  inter- 
actions which,  in  this  and  preceding  chapters,  have  been  named 
oxidations  and  reducUons  (eg.  pp.  52,  53,  75,  110,  112,  192,  212,253, 
282,  297,  302.    See  also  Chemistry  of  copper  and  tin). 


CHAPTER  XXVir 

PHOSPHORUS 

The  Chefnie€U  BelaUans  of  the  Element*  —  There  are 
many  things  in  the  chemistry  of  phosphorus  and  its  compounds 
which  remind  us  of  nitrogen.  Yet  these  are  largely  referable  to  the 
fact  that  the  elements  are  both  non-metals  and  both  have  the  same 
valences,  viz.  three  and  five.  The  behavior  of  the  compoimds  is 
often  very  different.  For  the  present  it  is  sufficient  to  say  that  both 
give  compounds  with  hydrogen,  NH3  and  PH3,  and  both  jrield 
oxides  of  the  forms  X3O3,  X3O4,  and  XjO^.  The  first  and  last  of 
these  oxides  are  acid-forming,  and  phosphorus,  therefore,  gives  acids 
corresponding  to  nitrous  and  nitric  acids.  The  element  is  thus  a 
non-metal. 

Occurrence.  —  This  element  is  found  in  nature  in  the  form  of 
phosphates.  Calcium  phosphate  Ca8(P04)2,  for  example,  occurs  in 
most  soils.  It  constitutes  a  large  part  of  the  solid  material  of  the 
bones  and  teeth  of  animals  and  of  the  beds  of  fossil  bones  found  in 
Florida  and  Tunis.  A  conspicuous  mineral  related  to  this  substance 
is  apatite,  C%F(P04)3.  It  is  foimd  in  large  quantities  in  Canada, 
and  is  a  component  of  many  rocks.  Complex  organic  compounds 
containing  phosphorus  are  essential  constituents  of  protoplasm  and 
of  the  materials  of  the  nerves  and  the  brain. 

Preparatian»  —  Brand,  merchant  and  alchemist,  of  Hamburg, 
discovered  phosphorus  (1669)  by  distilling  the  residue  from  evapo- 
rated urine,  in  the  course  of  his  search  for  the  philosopher's  stone. 
The  mode  of  preparing  it  from  bone-ash,  which  contains  83  per  cent 
of  calcium  phosphate,  was  first  published  by  Scheele  (1771).  Now 
the  less  expensive  calcium  phosphate  of  fossil  origin  is  employed. 

The  powdered  bone-ash  or  calcium  phosphate  and  sulphuric  acid 
(sp.  gr.  1.5)  are  heated  with  steam  and  stirred  in  a  wooden  vat: 

Ca3(P0,),  +  3H3SO, ;:!  2H3PO,  +  3CaS04i. 
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The  calcium  sulphate  is  precipitated  during  the  heating,  and  buI^ 
sequent  concentration  of  the  filtrate.  This  syrupy,  crude  phosphorie 
acid  is  mixed  with  carbon  and  then  distilled  in  earthenware  retorts. 
Two  actions  take  place  in  succession.  The  phosphoric  acid  loeea 
water  and  turns  into  metaphosphoric  acid,  then  the  latter  is  reduced 
by  the  carbon,  carbon  monoxide 
and  phosphorus  vapor  passing 
off: 

H3PO,  -»  H,0  +  HPO„ 

2HP0,  +  6C-*H,  +  6CO  +  2P. 
A  pipe  from  the  tubular  clay 
retort  conducts  the  vapors  into 
cold  water,  in  which  the  phos- 
phorus collects. 

A  much  simpler  process  de- 
pends on  the  use  of  the  electric 
furnace  (Fig.  57).  The  calcium 
phosphate  is  mixed  with  the 
proper  proportions  of  carbon 
and'  silicon  dioxide  (sand),  and 
the  mixture  is  introduced  con- 
tinuously into  the  furnace. 
The  discharge  of  an  altermtmg  current  between  carbon  poles  pro- 
duces the  \er\  high  temperature  which  the  action  requires.  The 
calcium  silicate  which  is  formed  fuses  to  a  slag,  and  can  be  with- 
drawn at  int«r\als  The  gaseous  products  pass  off  through  a  pipe 
and  the  phosphorus  is  caught  under  water: 

Ca3(rOJj  +  3SiO,  +  5C-^3GaSi03  +  SCO  +  2P. 

We  may  regard  the  phosphate  as  being  composed  of  two  oxides, 
SCaO-PjOj.  It  thus  appears  that  the  calcium  oxide  has  united 
with  the  silica,  which  is  an  acid  anhydride  (c/.  p.  258) :  CaO  +  SiO, 
—f  CaSiOj,  while  the  phosphoric  anhydride  has  been  reduced. 

The  phosphoni-s,  after  purification,  is  cast  into  sticks  in  tubes  of 
tin  or  glass,  stantling  in  cold  water, 

Tfte  Electric  Furnace.  ~  By  an  electric  furnace  is  understood 
an  electro -tbennal  arrangement  in  which  the  heat  produced  by  some 
resistance  offered  to  the  current,  such  as  that  of  an  air-gap  between 
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the  carbons,  is  used  to  produce  chemical  change.  Electrolysis  plays 
no  part  in  the  phenomena,  and  an  alternating  current,  which  can 
produce  no  electrolytic  decomposition,  is  generally  employed.  The 
restricted  area  within  which  the  heat  is  developed  makes  possible 
the  attainment  of  a  high  temperature  (see  Calcium  carbide). 

Physical  Brapertiea.  —  There  are  two  perfectly  distinct  kinds  of 
phosphorus,  known  as  ordinary,  or  yellow  phosphorus,  and  red 
phosphorus.  Yellow  phoiphonu,  prepared  as  described  above,  is  at 
iSrst  transparent  and  colorless,  but  after  exposure  to  light  acquires  a 
superficial  coating  of  the  red  variety.  It  melts  at  44°  and  boils  at 
269°.  Its  molecular  weight  at  313°  is  128  and  the  formula,  therefore, 
P4.  Yellow  phosphorus  is  soluble  in  carbon  disulphide,  less  soluble 
in  ether,  and  insoluble  in  water.  It  is  exceedingly  poisonous,  less 
than  0.15  g.  being  a  fatal  dose.  Continued  exposure  to  its  vapor 
causes  necrosis,  a  disease  from  which  match-makers  are  liable  to 
suffer.    The  jawbones  and  teeth  are  particularly  liable  to  attack. 

Red  phosphoroB  is  a  dull  red  powder  consisting  of  small  tabular 
crystals.  It  is  obtained  by  heating  yellow  phosphorus  to  about 
250°  in  a  vessel  from  which  air  is  excluded.  A  great  amount  of  heat 
is  evolved  in  the  transformation. 

Red  phosphorus  does  not  melt,  but  passes  directly  into  vapor.  Its 
vapor  is  identical  with  that  of  yellow  phosphorus.  It  is  insoluble  in 
carbon  bisulphide  and  other  solvents.  It  is  not  poisonous,  and, 
unlike  yellow  phosphorus,  does  not  require  to  be  kept  under  water 
to  avoid  spontaneous  combustion. 

ChenUeaZ  J^raperties*  —  Yellow  phosphonu  unites  directly  with 
the  halogens  with  great  vigor.  It  unites  slowly  with  oxygen  in  the 
cold,  and  with  sulphur  and  many  metals  when  the  materials  are 
heated  together.  The  slow  union  of  cold  phosphorus  with  atmo- 
spheric oxygen  is  accompanied  by  the  evolution  of  light,  although 
the  temperature  is  not  such  as  we  usually  associate  with  incan- 
descence. The  name  of  the  element  (Gk,  ^ok,  light;  ^^,  bear) 
records  this  property.  Apparently  the  chemical  energy,  trans- 
formed in  connection  with  the  oxidation,  is  converted,  in  part  at 
least,  into  radiant  energy  instead  of  completely  into  heat.*    The 

'*'  The  same  production  of  light  from  chemical  action  in  a  cold  body  is  seen 
in  the  luminosity  of  certain  parts  of  some  animals,  such  as  fireflies  and  some 
species  of  fish.    In  many  violent  chemical  changes  the  light  given  out  is  con- 
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slow  oxidation  of  phosphorus  is  accompanied  by  the  production  of 
ozone,  but  the  nature  of  the  action  is  still  unknown  {cf.  p.  209). 

Red  phosphorus,  since  it  is  formed  with  evolution  of  heat,  contains 
less  energy  than  yellow  phosphorus  and  is  much  less  active.  It  does 
not  catch  fire  in  the  air  below  240^,  while  ordinary  phosphorus  ignites 
at  35-45^.  When  an  element  is  known  in  two  or  more  distinct 
forms,  as  is  the  case  with  oxygen,  phosphorus,  and  carbon  (9.v.)i 
these  substances  are  called  allotropic  forms  of  the  element. 

Matches.  —  In  making  common  matches,  which  strike  on  any 
rough  surface,  the  splints  are  first  dipped  in  melted  sulphur  or  paraffin 
to  the  extent  of  about  half  an  inch.  The  head  is  often  composed  of 
manganese  dioxide  or  red  lead  and  a  little  potassium  chlorate,  which 
supply  oxygen,  a  small  proportion  of  free  phosphorus  (or  sulphide 
of  phosphorus)  and  antimony  trisulphide,  which  are  both  combus- 
tible, and  dextrin  or  glue. 

In  the  case  of ''  safety  ''  matches,  the  mixture  upon  the  head  is  not 
easily  ignited  by  itself.  It  is  composed  of  potassiimi  chlorate  or 
dichromate,  some  sulphur  or  antimony  trisulphide,  and  a  little 
powdered  glass  to  increase  the  friction,  all  held  together  with  g^ue. 
Upon  the  rubbing  surface  on  the  box  is  a  thin  layer  of  antimony 
trisulphide  mixed  with  red  phosphorus  and  glue.  The  friction 
converts  a  little  of  the  red  phosphorus  into  vapor. 

]Pho8phlne.  —  Three  hydrides  of  phosphorus  are  known.  These 
are,  phosphine  PH,  (a  gas),  a  liquid  hydride  P2H4,  which  is  presum- 
ably the  analogue  of  hydrazine  (NjHJ,  and  a  solid  hydride  P^H^ 

Phosphine  PH,  is  formed  slowly  by  the  action  of  active  hydrogen, 

from  zinc  and  hydrochloric  acid  at  70°,  upon  yellow  phosphorus.  , 

The  gas  may  be  made  by  boiling  yellow  phosphorus  with  potassium 

hydroxide  solution.     Potassium  hypophosphite  is  formed  at  the 

same  time: 

3K0H  +  4P  +  3H2O  -^  3KH2PO3  -f  PH,. 

The  gas  made  in  this  way  contains  a  little  of  the  vapor  of  the  liquid 

spicuously  greater  than  that  proper  to  the  temperature  produced  (c/.  p.  53), 
and  must  come,  therefore,  in  part,  directly  from  the  chemical  energy.  Hius, 
burning  magnesium  has  a  t<»mperature  of  about  1350®,  while  the  production 
of  liglit  of  the  same  character,  by  mere  incandescence,  would  require  a  tern* 
perature  of  about  5000°. 
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r  hydride,  which  is  spontaneously  inflammable,  and  consequently  the 
mixture  catches  fire  on  emerging  from  the  delivery  tube. 
The  simplest  method  of  preparing  phosphine  is  by  the  action  of 
water  upon  calcium  phosphide: 
Ca,P,  +  6H,0  —  3Cs(0H),  +  2PH,. 
This  action  is  analogous  to  that  of  water  upon  magnesium  nitride 
(p.  281),  by  which  ammonia  is  produced.     In  consequence  of  the 
fact  that  calcium  phosphide  is  a  substance  of  irregular  composition, 
a  mixture  of  all  three  hydrides  is  generally  obtained.     By  pasang 
the  gas  through  a  strongly  cooled  delivery  tube,  however,  the  liquid 
compound  is  condensed  and  fairly  pure  phoBphine  passes  on. 

Pboaphine  is  a  colorless  gas,  which  is  easily  decomposed  by  heat 
into  its  elements.  When  burned  it  forms  phosphoric  acid.  It  is 
exceedingly  poisonoUB  and,  unlike  ammonia,  it  is  insoluble  in  water, 
and  produces  no  basic  compound  corresponding  to  ammonium 
hydroxide  when  brought  in  contact  with  this  substance.  It  resemblea 
ammonia,  formally  at  least,  in  uniting  with  the  hydrogen  halides 
(see  below).     It  differs  from  ammonia,  however,  inasmuch  as  it  does 

r  unite  with  the  oxygen  acids.     Phosphine  acts  upon  solutions  of 
e  salts,  precipitating  phosphides  of  the  metals: 
SCuSO,  +  2PH,  -*  CujPj  +  3H,S0.. 

Phospbonium  Compounaa.  —  Hydrogen    iodide   unites   with 
phosphine  to  form  a  colorless  solid  crystallizing  in  beautiful,  highly 
refracting,  square  prisms:  PH,  +  HI  — »  PH,I.     Hydrogen  chloride 
L<combinea  similarly  with  phosphine,  but  only  when  the  gases  are 
toled  by  a  freezing  mixture,  or  are  brought  together  under  a  total 
e  of  IS  atmospheres  at  14".     When  the  pressure  is  released, 
t»pid  dissociation  occurs. 
In  imitation  of  the  ammonia  nomenclature,  these  substances  are 
i  sailed  phoHphoniuni  iodide  and  phosphonlum  chloride  PH,CI.     They 
intirely  different,  howe\'cr,  from  the  corresponding  ammonium 
derivatives,  for  the  Pllj'  ion  is  unstable.     When  brought  in  contact 
with  water  they  decompose  into  their  constituents,  the  hydrogen 
halide  going  into  solution,  and  the  phosphine  being  liberated  as  a  gas. 
Saltdea  of  PhoaphoruH.  —  The   existence    of   the    following 
i  has  been  proved  conclusively: 

p,i,  (solid) 

PF,  (ga«)         pa,  (liquid)      PBr,  (liquid)        PI,  (solid) 
Pi\  (gM)        PCI,  (solid)         PBr,  (solid) 
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These  substances  may  all  be  formed  by  direct  union  of  the  dements. 
They  are  incomparably  more  stable  than  are  the  wimilf^r  oompounds 
of  nitrogen.  They  are  all  hydrolyzed  by  water,  and  give  an  ozygHi 
acid  of  phosphorus  and  the  hydrogen  halide  (see  below).  TUs 
action  was  used  in  the  preparation  of  hydrogen  bromide  (p.  162) 
and  hydrogen  iodide  (p.  167). 

Phosphorus  trichloride  PCI,  is  made  by  passing  chlorine  gas  over 
melted  phosphorus  in  a  flask  until  the  proper  gain  in  wdl^t  has 
occurred.  The  substance,  which  is  a  liquid  boiling  at  78^,  is  stable 
(c/.  p.  284).  When  excess  of  chlorine  is  employed,  phospihanii  ptn- 
tachloride  PCI5,  which  is  a  white  solid  body,  is  formed.  When  moist 
air  is  blown  over  any  of  these  substances,  the  water  is  condensed  to 
a  fog  by  the  hydrogen  halide.  In  the  case  of  the  interaction  of 
phosphorus  pentachloride  and  water,  phosphoric  acid  is  formed: 

PCI5  +  4H2O  ->  H3PO4  +  5HC1. 

Phosphorus  pentachloride,  when  heated,  reaches  a  vapor  tension 
of  760  mm.  at  140^,  and  while  still  solid.  It  therefore  passes  fredy 
into  vapor  (boils,  so  to  speak)  at  this  temperature,  and  condenses 
directly  to  the  solid  form.  This  sort  of  distillation  is  called  subUiBa- 
tion.  At  a  pressure  above  that  of  the  atmosphere  it  melts  at  148^. 
Partial  dissociation  occurs  in  the  vapor  (c/.  pp.  146,  181). 

Ooddes  of  Phosphorus.  —  The  oxides  of  phosphorus  are  the 
so-called  trioxide  l^fi^y  the  pentoxide  P2OB,  and  a  tetroxide  PjO^. 

The  pentoxide  is  a  white  powder  formed  when  phosphorus  is 
bvuned  with  a  free  supply  of  oxygen.  It  unites  with  water  with 
great  violence  to  form  metaphosphoric  acid  (see  below),  and  hence 
is  known  as  phosphoric  anhydride :  P2O5  +  HjO  — >  2HP0 j.  In  the 
laboratory  this  action  is  frequently  utilized  for  drying  gases  (p.  287) 
and  for  removing  water  from  combination  (p.  294). 

The  trioxide  P^O^  is  obtained  by  burning  phosphorus  in  a  tube  with 
a  restricted  supply  of  air.  It  is  a  white  solid,  melting  at  22.5®  and 
boiling  at  173°.  This  oxide  is  the  anhydride  of  phosphorous  acid,  but 
it  unites  exceedingly  slowly  with  cold  water  to  form  this  substance. 
It  interacts  vigorously  with  hot  water,  but  phosphine,  red  phos- 
phorus, hypophosphoric  acid,  and  phosphoric  acid  are  amongst  the 
products,  and  ver>'  little  phosphorous  acid  escapes  decomposition. 
When  this  oxide  is  heated  to  44CP  it  decomposes,  giving  the  tetroxide 
P2O4  and  red  phosphorus. 
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Acids  of  Phosphorus*  —  There  are  six  different  acids  of  phos- 
phorus. Three  are  phosphoric  acids,  representing  the  same  stage 
of  oxidation  of  phosphorus,  but  different  degrees  of  hydration  of  the 
anhydride.  The  others  show  three  different  and  lower  states  of 
oxidation: 

Orthophosphoric  acid  H,PO,  (  =  SUfi.Ffi^ 
Pyrophosphoric  acid  H^PAC  -  2H,0,PaOa) 
Metaphosphoric  acid       HPO3  (  -  H,0,P,Oa) 

Hypophoephoric  acid  U^PjO^i  -  2H,0,P,0J 
Phoephorous  acid  H,PO,  (  -  3H,0,P,0a) 

Hypophosphorous  acid   H,PO,  (  -  3H,0,P»0) 

The  Phosphoric  Adds*  —  The  relation  between  the  three 
different  phosphoric  acids  may  be  seen  by  considering  them  as  being 
formed  from  phosphorus  pentoxide  (the  anhydride)  and  water.  In 
the  majority  of  cases  already  considered  this  sort  of  action  takes 
place  in  but  one  way.  Thus,  nitric  acid  is  known  in  but  one  form, 
which  is  produced  by  the  union  of  one  molecule  each  of  nitrogen 
pentoxide  and  water:  NjO^  +  HjO  — >  2HNO3.  Similarly,  the  chief 
sulphuric  acid  is  the  one  formed  from  one  molecule  of  sulphur  trioxide 
and  one  molecule  of  water:  SO,  -f  HjO  — >  H^S04,  although  here  we 
have  also  disulphuric  acid  HjSjOy,  or  H20,2SOj. 

Now,  when  phosphoric  anhydride  acts  upon  water  we  obtain  a 
solution  which,  on  immediate  evaporation,  leaves  a  glassy  solid, 
HPO3,  known  a^  metaphosphoric  acid.  This  is  HjO,  PjOj.  When, 
however,  the  solution  is  allowed  to  stand  for  some  days,  or  is  boiled 
with  a  little  dilute  nitric  acid,  whose  hydrogen-ion  acts  catalytically, 
the  residue  from  evaporation  is  HjPO^,  orthophosphoric  acid: 

PA  +  3H2O  -^  2H,P04  or  HPO3  -f  H2O  ->  H3PO4. 

This  acid  is  3H3O,  P2O5,  and  no  further  addition  of  water  can  be 
effected. 

Conversely,  when  orthophosphoric  acid  is  kept  at  about  255®  for  a 
time,  it  slowly  loses  water,  and  H4P,07,  pyrophosphoric  acid,  is 

obtained:  2H,P04  ->  H3O  +  H4P3O,. 

This  acid  is  2H2O,  PjOj.  Further  desiccation  leaves  metaphos- 
phoric acid,  which  cannot  be  further  resolved  into  phosphorus 
pentoxide  and  water.    When  dissolved  in  water,  pyrophosphoric 


310 


COLLEGE  CHEBtlSTRT 


acid  slowly  resumes  the  water  which  it  has  lost  and  gives  the  ortho- 
acid  again.  The  pyro-acid  does  not  seem  to  be  formed  by  hydration 
of  the  meta-acid,  but  only  by  dehydration  of  the  ortho-acid.  The 
relations  of  all  these  substances  are  more  clearly  seen  in  the  graphie 
formulae: 
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A  most  important  fact  to  be  noted  is  that  the  addition  or  removal  cf 
vxUer  leaves  the  valence  of  the  phosphorus  unchanged.  The  degree  of 
oxidation  of  the  phosphorus  and  its  valence  are  identical  in  the 
three  acids. 


The  Relations  of  Anhydrides  and   Oxygen  Adds*  —  Con- 
sidering the  anhydride  from  which  an  acid  is  derived  gives  us  the 
key  to  the  nature  and  behavior  of  the  acid.     It  tells  much  that 
the  formula  of  the  acid  does  not  tell.     For  example:  (1)  What  is  the 
valence  of  phosphorus  in  H3PO3?    The  only  way  to  answer  this 
question  is  to  resolve  the  formula  (doubled,  if  necessary)  into  water 
and  the  anhydride,  SHjOjPjOg.     The  phosphorus  is  trivalent.     (2) 
How  is  this  acid  related  to  metaphosphoric  acid  HPO3?    Resolve 
the  latter,  as  before,  H20,P205.    The  answer  is  that  in  the  latter 
the  phosphorus  is  quinquivalent.     (3)  How  can  we  get  phosphorous 
acid  from  metaphosphoric  acid,  or  vice  versa?    Considering  the 
anhydrides,  we  answer,  by  reduction  and  oxidation,  respectively. 
(4)  Is  pyrophosphoric  acid  H^PoO;,  because  it  contains  70,  to  be 
made  from  all  others  by  oxidation?    Resolve  it  into  water  and 
anhydride,  2H20,P205.     We  then  perceive  that  to  make  it  from 
phosphorous  acid  requires  oxidation,  but  to  make  it  from  ortho-  or 
metaphosphoric  acid  requires  only  a  change  in  the  degree  of  hydra- 
tion :  adding  or  subtracting  water ^  since  it  adds  or  subtracts  hydrogen 
and  oxygen  in  equivalent  amounts,  is  not  oxidation  or  reduction. 
These  conceptions  have  been  used  before  {e,g,  pp.  260,  297,  309). 
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Considerations  like  the  foregoing  are  never  for  a  moment  absent 
from  the  mind  of  a  chemist  when  he  is  thinking  about  oxygen  acids. 
Every  such  acid  is  to  him  always  a  certain  anhydride,  plus  a  certain 

proportion  of  water  {see  Exercises  1  and  2).  He  applies  the  same 
method  to  salts,  subtracting  the  oxide  of  the  metal  (CaSO,  = 
CaO.SO,)  to  detennine  the  valence  and  state  of  oxidation  of  the 
non-metallic  element  in  the  compound. 

OrfAophoaphoiHc  Acid  Jl^PO,  awl  Iti*  Sa/tn. —  Aa  we  have 
seen  (p.  303),  ordinary  calcium  phosphate  is  the  source  of  the  impure, 
commercial  acid.  Pure  orthophosphoric  acid  may  be  made  by  boil- 
ing red  phosphorus  with  slightly  diluted  nitric  acid  and  evaporating 
the  water  and  excess  of  nitric  acid.  The  product  is  a  white,  crystal- 
line, deliquescent  solid. 

This  acid  is  much  waakar  than  sulphuric  acJd,  and  is  dissociated 
chiefly  into  the  ions  H'  and  H-PO,'.  The  dihydrophosphate-ion  is 
broken  up  to  some  extent  into  H'  and  HPO,".  as  we  learn  from  the 
fact  that  the  solution  of  the  sodium  salt  NaHjPO,  is  acid.  The  ion 
HPO,"  is  hardly  dissociated  at  all,  for  a  solution  of  the  salt  Na^HPO, 
is  not  acid  in  reaction. 

As  a  trfbuic  acid,  it  forms  salts  of  three  kinds,  such  as  NaH,PO„ 
Na,HPOj,  and  Na^PO,,  These  are  known  respectively  aa  primai;, 
■aconduy,  and  tartiarjr  sodium  orthophosphate.  The  primary  sodium 
phosphate  is  faintly  acid  in  reaction.  The  secondary  one  is  slightly 
alkaline,  because  of  hydrolysis  arising  from  the  tendency  of  the 
hydrogen-ion  of  the  water  to  combine  with  theHPO,"  to  form  H,PO,', 
which  is  much  more  feebly  acid  than  ia  phosphoric  acid  H,POj. 
The  simplified  equation  (p.  254)  shows  the  reason  for  the  alkalinity 
of  the  solution:  HPO/'  +  H'  +  OH'  -.  H,PO/  +  OH'.  The  ter- 
tiary  phosphate  is  stable  only  in  solid  form,  and  can  be  made  by 
evaporating  to  dryness  a  mixture  of  the  secondary  phosphate  and 
sodium  hydroxide: 

Nft,HPO.  +  NaOH  ^  Na,PO,  +  H,0  T- 
When  the  product  is  dissolved  in  water,  the  action  is  revereed  (c/. 
p.  253).  Mixed  phosphates  are  also  known,  particularly  scidium-am- 
monium  phosphate  (microcounlc  ult)  NaNH.HPO,,  iU,0,  and  the 
insoluble  magn&tium-amnionium  phosphate  MgNH,PO,.  Primary 
calcium  phosphate  {(].v.),  known  in  commerce  aa  "  superphosphate," 
is  used  as  a  fertilizer. 
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The  tertiary  phosphates  are  unchanged  by  heating.  The  primary 
and  secondary  phosphates,  however,  retaining,  as  they  do,  some  of 
the  original  hydrogen  of  the  phosphoric  acid,  are  capable  of  losing 
water  like  phosphoric  acid  itself,  when  heated.  The  actions  are 
slowly  reversed  when  the  products  are  dissolved  in  water: 

NaHjPO,  4=±  NaPO,    +  H^O, 
2Na,HP0,  ^  Na^PA  +  H,0. 

It  will  be  seen  that  the  meta-  and  pyrophosphates  of  sodiiiiii  are 
formed  by  these  actions;  and  this  is  indeed  the  simplest  way  of  form- 
ing these  substances,  since  the  acids  themselves  are  not  permanent  in 
solution,  and  are  too  feeble  to  lend  themselves  to  exact  neutraliza- 
tion. Ammonium  salts  of  phosphoric  acid  lose  ammonia,  as  well 
as  water,  when  heated  (c/.  p.  283).  Thus,  microcosmic  salt  gives 
primary  sodium  phosphate: 

NaNH,HPO,  ->  NH,  +  NaH^PO,  ->  NaPO,  +  H,0, 
and  this  in  turn  is  converted  into  the  metaphosphate  by  loss  of  water. 

Pyraphosphoric   Acid  atul    Metaphosplioric  Add*  —  Pyro- 

phosphoric  acid  H^PjOy,  although  tetrabasic,  gives  only  the  neutral 
salts,  such  as  Na4P207,  and  those  in  which  one-half  of  the  hydrogen 
has  been  displaced  by  a  metal,  such  as  NojHjPzOy. 

Metaphosphoric  acid  HPO3  is  the  "  glacial  phosphoric  acid  "  of 
commerce,  and  is  usually  sold  in  the  form  of  transparent  sticks.  It 
is  obtained  by  heating  orthophosphoric  acid,  or  by  direct  union  of 
phosphorus  pentoxide  with  a  small  amount  of  cold  water.  It  passes 
into  vapor  at  a  high  temperature,  and  its  vapor  density  corresponds 
to  the  formula  (HP03)2. 

Sodium  metaphosphate  NaPO,,  in  the  form  of  a  small  globule 
obtained  by  heating  microcosmic  salt  on  a  platinum  wire,  is  used  in 
analysis.  When  minute  traces  of  oxides  of  certain  metals  are  placed 
upon  such  a  globule,  known  as  a  bead,  and  heated  in  the  Bunsen 
flame,  the  mass  is  colored  in  various  tints  according  to  the  oxide  used 
(bead  test).  This  action  may  be  understood  when  we  consider  that 
sodium  metaphosphate  takes  up  water  to  form  primary  sodium 
orthophosphate:  NaPO,  -f  HjO  — >  NaH2P04.  In  the  same  way, 
but  at  higher  temperatures,  it  is  able  to  take  up  oxides  of  elements 
other  than  hydrogen,  giving  mixed  orthophosphates.     Thus,  with 
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oxide  of  cobalt  a  part  of  the  metaphosphate  unites  according  to  the 
equation:  j^^p^^  +  CoO  ->  NaCk)PO„ 

and  the  product  confers  a  blue  color  on  the  bead. 

IHstinguishing  Tests.  —  When  a  solution  of  nitrate  of  silver  is 
added  to  a  solution  of  orthophosphoric  acid  or  any  soluble  orthophos- 
phate,  a  yellow  precipitate  of  silver  orthophosphate  AgjPO^  is  pro- 
duced. This  is  a  test  for  phosphate-ion.  With  pjrrophosphoric 
acid  or  any  pyrophosphate  the  product  is  white  Ag^PjOy.  With 
metaphosphoric  acid  a  white  precipitate,  AgPO,,  is  obtained  also. 
Metaphosphoric  acid  coagulates  a  clear  solution  of  albumen,  while 
pyrophosphoric  acid  has  no  visible  effect  upon  it. 

J^hospharafia  Acid  H^BO^. — When  added  to  cold  water  phos- 
phorus trioxide  (?fi^  yields  phosphorous  acid  very  slowly.  With 
hot  water  the  action  is  exceedingly  violent  and  complex  (p.  308). 
This  acid  may  be  obtained  also  by  the  action  of  water  upon  phos- 
phorus trichloride,  tribromide  (p.  162),  or  tri-iodide  and  evaporation 
of  the  solution:  ^^^  ^  ^^^  ^  ^^^^^^  ^  ^^^ 

A  certain  amount  of  this  acid,  along  with  phosphoric  acid  and  hypo- 
phosphoric  acid,  is  formed  when  moist  phosphorus  oxidizes  in  the 
air. 

In  spite  of  the  presence  of  three  hydrogen  atoms,  this  acid  is 
dibasic,  and  two  only  are  replaceable  by  metals.  To  express  this 
fact,  the  first  of  the  following  formulae  is  preferred : 

O  = 

since  the  symmetrical  formula  would  indicate  no  difference  between 
the  three  hydrogen  atoms.  H  united  directly  to  P,  as  here  and  in 
PH3,  is  not  acidic.  Phosphorous  acid  is  a  powerful  reducing  agent, 
precipitating  silver,  for  example,  in  the  metallic  form  from  solutions 
of  its  salts.  When  heated,  it  decomposes,  giving  the  most  stable 
acid  of  phosphorus  (c/.  pp.  191,  196,  199,  266,  299),  namely,  meta- 
phosphoric acid,  and  phosphine: 

4H,P03  ->  3HPO3  -f  3H3O  +  PH,. 
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Sulphides  of  Bhospharus.  —  Yellow  phosphorus  when  heated 
with  sulphur  unites  with  explosive  violence.  By  using  red  phos- 
phorus the  action  can  be  controlled.  By  emplo3ring  the  proper 
proportions  the  pentasulphide  P2S5  is  secured.  It  is  purified  by  dis- 
tillation, and  is  a  yellow  crystalline  mass  (m.-p.  274°,  b.-p.  530*^). 
Phosphorus  pentasulphide  is  hydrolyzed  by  cold  water: 

PjSj  +  8H3O  ->  2H3PO,  -f  5H3S. 

Other  sulphides,  P^Sg,  PjS,,  and  PjSe,  may  be  prepared  by  using 
the  constituents  in  the  proportions  represented  by  these  formula. 

Comparison  of  Phosphorus  with  Nitrogen  and  tvith  Sui^ 
phur.  —  Although  phosphorus  and  nitrogen  are  regarded  as  belong- 
ing to  one  family,  the  differences  between  them  are  more  conspicuous 
than  the  resemblances.  The  latter  are  confined  almost  wholly  to 
matters  concerned  with  valence.  The  differences  are  seen  in  the 
facts  that  nitrogen  is  a  gas  and  exists  in  but  one  form,  while  phos- 
phorus is  a  solid  occurring  in  two  varieties,  and  that  the  former  is 
inactive  and  the  latter  active.  The  contrasts  between  phosphine 
and  ammonia  (p.  307)  and  between  the  halides  of  the  two  elements 
(pp.  284,  308)  have  been  noted  already.  The  pentoxide  of  nitrogen 
decomposes  spontaneously;  that  of  phosphorus  is  one  of  the  most 
stable  of  compounds.  Nitric  acid  is  very  active;  the  phosphoric 
acids  are  quite  the  reverse. 

On  the  other  hand,  the  resemblance  of  phosphorus  to  sulphur  is 
marked.  Both  are  solids,  existing  in  several  forms.  Both  3rield 
stable  compounds  with  oxygen  and  chlorine.  The  hydrogen  com- 
pounds interact  with  salts  to  give  phosphides  of  metals  and  sulphides 
of  metals,  respectively.  Against  these  must  be  set  the  facts,  that 
hydrogen  sulphide  does  not  unite  with  the  hydrogen  halides  at  all 
while  phosphine  gives  the  phosphonium  halides,  and  that  phosphoric 
acid  is  hard  to  reduce  while  sulphuric  acid  is  reduced  with  compara- 
tive ease. 

Exercises. —  1.  What  are  the  valences  of  the  non-metals  in: 
H^SA,  H^Cr^O^,  KMnO,,  KH^PO^,  H3NO4,  NaHjPO,,  Na^PjOg. 
Name  these  substances. 

2.  Is  it  oxidation  or  reduction,  or  neither,  when  we  make,  (a) 
N,0,  from  HNO3,  (b)  SO.  from  H^SO,,  (c)  HPO,  from  H,PO^  (d) 
HjSjO,  from  H^SO^,  (e)  Na^SO^  from  NaHSO,? 
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3.  Why  would  a  mixture  of  potassium  dichromate  and  hydro- 
chloric acid  (p.  253)  be  less  suitable  than  nitric  acid,  as  an  oxidizing 
agent  for  making  phosphoric  acid  from  red  phosphorus? 

4.  Why  is  not  the  tertiary  phosphate  of  sodium  (p.  311)  decom- 
posed by  heating?  What  tertiary  phosphates  would  be  decomposed 
by  this  means? 

5.  Formulate  the  hydrolyses  of  the  secondary  and  tertiary  sodium 
orthophosphates  as  was  done  for  sodium  sulphide  (p.  253). 

6.  How  should  you  prepare  CajPjO^  and  Ca(P03)2? 

7.  What  product  should  you  confidently  expect  to  find  after 
heating  (p.  313),  (a)  sodium  phosphite,  Na,HPO„  (6)  potassium 
hypophosphite?    Make  the  equations. 

8.  Compare  the  elements  chlorine  and  phosphorus  after  the 
manner  of  the  comparisons  on  p.  314. 


CHAPTER  XXVIII 
OABBOK  AND  THE  OXIDES  OF  OABBOK 

The  Chemical  Relations    of  the  Miefnent. — The  elements  of 

the  carbon  family  (p.  276)  are  carbon,  silicon,  germanium,  tin,  and 
lead.  Of  these  the  first  two  are  entirely  non-metallic,  while  the 
others  are  metallic  elements  showing  more  or  less  strong  resemblances 
to  the  non-metals.  All  these  elements  are  quadrivalent.  With  the 
exception  of  silicon,  however,  they  all  form  compounds  in  which 
they  are  bivalent. 

On  account  of  the  fact  that  the  majority  of  the  substances  com- 
posing, and  produced  by,  Uving  organisms  are  compounds  of  carbon, 
the  chemistry  of  these  compounds  is  known  as  organic  chemistry. 
It  was  at  first  supposed  that  the  artificial  production  of  such  com- 
pounds, e.g,  without  the  intervention  of  life,  was  impossible.  But 
many  natural  organic  products  have  now  been  made  from  simpler 
ones  or  from  the  elements,  a  process  called  synthesis,  and  the  prepa- 
ration of  the  others  is  delayed  only  in  consequence  of  difficulties 
caused  by  their  instability  and  complexity.  On  the  other  hand, 
hundreds  of  compounds  unknown  to  animal  or  vegetable  life,  includ- 
ing many  valuable  drugs  and  dyes,  ^  have  now  been  added  to  the 
catalogue  of  chemical  compounds. 

The  elements  entering  into  carbon  compounds  are  chiefly  hydrogen 
and  oxygen.  After  these,  nitrogen,  phosphorus,  the  halogens,  and 
sulphur  may  be  named. 

Carbon  C. 

Occurrence.  —  Large  quantities  of  carbon  are  found  in  the  free 
condition  in  nature.  The  diamond  is  the  purest  natural  carbon. 
Graphite,  or  plumbago,  which  is  the  next  purest,  is  found  in  limited 
amounts,  and  is  a  valuable  mineral.  Coal  occurs  in  numerous  forms 
containing  greatly  varying  proportions  of  free  carbon.  Small  quan- 
tities of  the  free  element  have  been  found  in  meteorites. 

In  combination,  carbon  is  found  in  marsh-gas,  or  methane  CH4, 
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which  is  the  chief  component  of  natural  gas.  The  mineral  oils  con- 
sist almost  entirely  of  mixtures  of  various  compounds  of  carbon  and 
hydrogen.  Whole  geological  formations  are  composed  of  carbonates 
of  common  metals,  particularly  calcium  carbonate  or  Umestone, 
and  a  double  carbonate  of  calcium  and  magnesium,  known  as 
dolomite. 


Fio.  68. 


The  IHamond.  —  The  allotropic  forms  (p.  306)  of  carbon  differ 
very  markedly  in  their  physical  properties.    Diamonds,  which  are 
found  in  India,  Borneo,  Brazil,  and  South  Africa,  are  scattered 
sparsely  through  metamorphic  and 
volcanic  rocks  which  seem  to  have 
undergone      secondary      changes. 
They  are  covered   with    a    crust 
which  entirely  obscures  their  luster, 
and    possess    natural    crystalline 
forms    belonging    to    the    regular 
system.    A  form   related   to   the 
octahedron    (p.  94)  is  frequently 

observed.  It  should  be  noted  that  this  natural  form  bears  no 
relation  whatever  to  the  pseudo-crystalline  shape  which  is 
conferred  upon  the  stone  by  the  diamond-cutter.  Thus,  a 
"  brilliant "  possesses  one  rather  large,  flat  face,  which  forms  the 
base  of  a  many  sided  pyramid  (Fig.  58,  showing  two  views).  This 
form  is  given  to  the  stone,  in  order  that  the  maximum  reflection 
of  Ught  from  its  interior  may  be  produced.  The  diamond  is  harder 
than  any  other  variety  of  matter,  with  the  exception,  perhaps,  of 
one  compound  of  boron,  while  only  one  or  two  other  materials,  like 
carborundum,  approach  it.  Its  specific  gravity  is  about  3.5,  and  it 
is  the  densest  form  of  carbon.  Few  materials  are  capable  of  dissolv- 
ing any  of  the  forms  of  carbon.  Molten  iron  (q.v.)  dissolves  five  or 
six  per  cent,  part  of  which  goes  into  combination;  but  usually  only 
graphite  is  found  in  the  cooled  product.  Moissan  (1887),  however, 
succeeded  in  preparing  microscopic  fragments  of  diamonds  in  this 
way.    The  diamond  is  a  nonconductor  of  electricity. 

The  largest  diamond  known,  the  CvUinanf  weighs  621  g.  (uncut). 
The  Kohinoor  weighs  22  g. 

That  the  diamond  contains  nothing  but  carbon,  is  shown  by  the 
fact  that  when  burned  it  produces  nothing  but  carbon  dioxide. 
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€fraphite. — Graphite  (Gk.  ypa^,  I  write)  is  found  in  Cumberland, 
Siberia,  and  Ceylon.  The  form  appears  to  belong  to  the  hexagonal 
system.  The  mineral  is  extremely  soft,  in  utter  contrast  to  the 
diamond,  and  has  a  smaller  specific  gravity  (about  2.3).  It  conducts 
electricity.  It  is  made  artificially  by  an  electro-thermal  process 
(c/.  p.  304).  A  powerful  alternating  current  is  passed  throu^  a 
mass  of  granular  anthracite,  and  the  latter,  although  not  melted  by 
the  high  temperature,  is  largely  converted  into  graphite. 

Graphite  is  now  used  exclusively  for  making  the  anodes  in  the 
electrolytic  manufacture  of  chlorine  and  in  related  processes.  Mixed 
with  fine  clay  it  forms  the  "  lead  "  of  lead  pencils.  As  "  black-lead  ", 
it  is  employed  to  protect  ironware  from  rusting.  It  is  used  as  a 
lubricant  in  cases  where  oil  would  be  decomposed  by  heat. 

Amarplious  Carbon. — This  is  the  name  given  to  the  varieties  of 

the  element  which  have  no  crystalline  form.  They  vary  in  specific 
gravity  up  to  1.9.  Ooke,  which  is  now  manufactured  in  immense 
quantities  by  heating  coal  until  all  the  volatile  matter  has  been  dis- 
tilled ofiF,  is  a  very  dense  variety  of  amorphous  carbon.  It  is  used  in 
the  reduction  of  iron  ores. 

By  the  imperfect  combustion  of  heavy  oils  and  resins,  in  which 
the  flame  plays  upon  a  cooled  surface,  a  finely  divided  form  of  carbon, 
lampblack,  is  produced.    This  is  used  in  making  printer's  ink. 

Oharcoal  is  chiefly  made  by  the  heating  of  wood  out  of  contact  with 
air.  In  the  more  refined  forms  of  the  process  the  charring  is  con- 
ducted in  retorts,  and  the  materials  which  distil  off  are  used  in  vari- 
ous ways.  Wood  consists  largely  of  cellulose  {CfiiQO^)nt  incnisted 
with  lignin  and  holding  much  moisture  and  resinous  material.  The 
products  of  its  distillation  are  partly  gaseous  and  partly  fluid.  The 
gases,  consisting  mainly  of  hydrogen,  methane  CH^,  ethane  Cj^H^ 
ethylene  CjH^,  and  carbon  monoxide  CO,  are  employed,  on  accoimt 
of  their  combustibility,  as  fuel  in  the  distillation  itself.  The  fluids 
form  a  complex  mixture  containing  large  quantities  of  water,  methyl 
alcohol  CH3OH  (wood  spirit),  acetic  acid,  acetone  (CHj),^,  and  tar. 
Wood  charcoal  exhibits  the  cellular  structure  of  the  material  from 
which  it  was  made,  and  is  therefore  highly  porous.  When  the 
charcoal  is  burned,  the  mineral  constituents  of  the  wood  appear  in 
the  ash. 

For  certain  purposes,  charcoals  made,  in  the  same  fashion  as  the 
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above,  from  bones  and  from  blood,  find  wide  application.  The 
former,  called  bone  black,  contains  much  calcium  phosphate  (p.  303). 
In  the  chemical  laboratory,  pure  carbon  is  made,  as  a  rule,  by  the 
charring  of  sugar  (cane-sugar,  CuHjjOu). 

The  tendency  of  almost  all  carbon  compounds  to  char,  when 
heated,  is  used  as  a  means  of  recognizing  their  presence.     - 

Properties  of  Charcoal.  —  Charcoal  exhibits  certain  properties 
which  are  not  shared  to  any  extent  by  other  forms  of  carbon.  For 
example,  it  can  take  up  large  quantities  of  many  gases.  Boxwood 
charcoal  will  in  this  way  absorb  ninety  times  its  own  volume  of 
ammonia,  fifty-five  volumes  of  hydrogen  sulphide,  or  nine  volumes  of 
oxygen.  Freshly  made  dogwood  charcoal  (used  in  making  the 
best  gunpowder),  when  pulverized  immediately  after  its  preparation, 
often  catches  fire  spontaneously  on  account  of  the  heat  liberated  by 
the  condensation  of  oxygen.  It  is  therefore  set  aside  for  two  weeks, 
to  permit  the  slow  absorption  of  moisture  and  air,  before  being 
ground  up.  The  absorbed  gases  may  be  removed  unchanged  by 
heating  the  charcoal  in  a  vacuum.  The  disappearance  of  these 
immense  quantities  of  gas  into  small  pieces  of  charcoal  is  described 
as  adsorption,  and  is  caused  by  the  acfliesion  of  the  gases  to  the  very 
extensive  internal  surface  which  the  charcoal  possesses.  Glass  shows 
the  same  property,  though  in  a  smaller  degree  (p.  80).  Solid  and 
liquid  bodies  are  also  in  many  cases  taken  up  by  charcoal  in  a  similar 
fashion.  Thus,  strychnine  may  be  removed  from  an  aqueous  solu- 
tion by  agitation  of  the  latter  with  charcoal.  In  the  manufacture  of 
whiskey  (g.v.),  the  fusel  oil,  which  is  extremely  harmful,  is  in  many 
cases  removed  by  filtration  of  the  diluted  spirit  through  charcoal, 
before  rectification.  Organic  coloring  matters,  such  as  litmus  and 
indigo,  belong  to  the  class  of  bodies  thus  extracted  from  solution  by 
charcoal.  In  the  refining  of  sugar  the  syrup  is  boiled  with  charcoal 
for  the  purpose  of  removing  a  brown  resin,  in  order  that  the  product 
may  be  perfectly  white.  It  is,  in  part,  upon  this  property  that  we 
rely,  also,  in  the  employment  of  charcoal  filters.  The  organic 
materials  dissolved  in  the  drinking  water  undergo  adsorption  in  the 
charcoal.  In  this  connection,  however,  it  must  be  remembered  that 
the  quantity  which  a  given  mass  of  charcoal  may  take  up  is  limited, 
and  that  careful  cleansing  is  required  in  order  that  the  eflSciency  of 
the  filter  may  be  maintained. 
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C€hU»  —  Peati  brown  coal,  soft  coal,  aod  antfaracite  icfgiWJit,  in 
a  g^eral  way,  different  stages  in  the  deoompoeitioo  of  icgtihlf 
matter  in  absence  of  air.  Water  and  oompounds  of  carboo  ui 
hydrogen  are  ^ven  off  in  the  process.  The  fcJlowing  table  Aom 
this  change  in  composition  and  the  relations  of  the  subrtaneeB  to 
fresh  wood  on  the  one  hand  and  charcoal  and  ooke  on  the  other: 


Peroentase,  excluding  Ash 
and  Moisture,  of  : 

Peroeniace 

drWater 
(Air  Dried). 

OyofUe 
TakB 

Cdoria. 

1 
C            H 

o 

X 

Wood 

45 
60 
70 
82 
94 
95 
96 

6 

6 

5 

5 

3 

1.7 

0.7 

48 

32 

24 

12 
3 

3.4 
2.5 

1 
2 
1 
1 

•   ■   • 

•       a      • 

1 

1.5 

5-30 

3-30 

1-15 

1.5 

4 

3.4-11 

is-ao 

20-30 
15 

4 
S 
6.5 

S 

.      3710 

Peat 

35M 

Brown  coal 
Soft  coal .   .    . 
Anthracite  .    . 
Charcoal  .    .    . 
Coke     .... 

3(M00I 
66-8001 

70-6000 
8000 
7700 

iJhemical  Properties  of  Carbon.  —  The  most  oommon  hsbb 
of  carbon  depend  upon  its  great  tendency  to  unite  with  oxygeOt 
forming  carbon  dioxide.  Under  some  circumstances  carbon  mon- 
oxide is  produced.  Aside  from  the  direct  employment  of  this  action 
for  the  sake  of  the  heat  which  is  liberated,  it  is  used  also  in  the 
reduction  of  ores  of  iron,  copper,  zinc,  and  many  other  metals. 
When,  for  example,  finely  powdered  cupric  oxide  and  carbon  are 
heated,  copper  is  obtained.  The  gas  given  off  is  either  carbon 
dioxide,  or  a  mixture  of  this  with  carbon  monoxide,  according  to 
the  proportion  of  carbon  used: 

CuO  -f  C  ->  Cu  +  CO, 
2CuO  +  C  ->  2Cu  +  CO2. 

Carbon  unites  directly  with  hydrogen  very  reluctantly.  When  an 
electric  arc  is  produced  between  carbon  poles  in  a  tube  through 
which  hydrogen  passes,  traces  of  acetylene  CjHj  are  formed. 

At  the  high  temperatures  produced  in  the  electric  furnace,  carbon 
unites  with  many  metals  and  some  non-metals.  Compounds  formed 
in  this  way  are  known  as  carbides,  such  as  aluminium  carbide  Al^Cp 
calcium  carbide  CaC,,  and  carborundum  CSi. 
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Calcium  Carbide  CaC-^.  —  This  compound,  which  is  colorless 
when  pure,  is  manufactured  in  an  electric  furnace,  by  the  interaction 
of  findy  pulverized  limestone  or  quicklime  with  coke: 

CaO  +  3C  -*  CaCj  +  CO. 
The  operation  is  a  continuous  one,  the  materials  b^ng  thrown  into  the 
left  Bide  of  the  drum  (I^lg.  59,  diagrammatic),  and  the  product 
removed  on  the  right.    The  carbon  poles  are  fixed.     The  arc  having 
been  established,  the  drum 
is  rotated  slowly  as  the  car- 
bide accumulates.    The  cut^ 
rent  enters  by  one  carbon, 
passes  through  the  carbide, 
and   leaves    by    the   other. 
The  high  resistance  of  the 
partially    transformed    ma- 
terial causes  the  production 
of  the  heat.    When  the  action 
in    one     layer     approaches 
completion,    the    reliance 
falls,  the  current  increases, 
and    an     armature     round 
which  the  wire  passes  (not 
shown  in  Fig.  59)  comes  into  Fk'-  »■ 

operation    and     turns     the 

drum.  In  this  way  the  carbide  just  formed  is  continuously  moved 
away  from  the  carbons,  and  new  material,  introduced  on  the  left, 
falls  into  the  path  of  the  current.  The  iron  plates  which  form  the 
circumference  of  the  drum  are  added  on  the  left  and  removed  on  the 
right,  where  also  the  carbide  is  broken  out  with  a  chisel.  The  drum 
revolves  once  in  about  three  days.  The  product  is  used  for  maldng 
acetylene  (g.f.). 

Carbon  Dioxide  and  Carbonic  Acid. 

Occurrence.  —  Carbon  dioxide  is  present  in  the  atmosphere,  and 
issues  from  the  ground  in  large  quantities  in  certain  neighborhoods, 
as,  for  example,  near  the  Lake  of  Laach,  in  the  so-called  Valley  of 
Death  in  Java,  and  in  the  Grotta  del  Cane  near  Naples.  Efferves- 
cent mineral  waters  contain  it  in  solution,  and  their  effervescence  ia 
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caused  by  the  escape  of  the  gas  when  the  pressure  is  reduced.  Well- 
known  waters  of  this  kind  are  those  of  Selters  and  of  the  Geyser 
Spring  at  Saratoga. 

Modes  of  FormaHon.  —  Carbon  dioxide  is  produced  by  combus- 
tion of  carbon  in  the  presence  of  an  excess  of  oxygen: 

C  +  Oj->CO,. 

The  combustion  of  all  compounds  of  carbon,  as  well  as  the  slow  oxida- 
tion in  the  tissues  of  plants  and  animals,  yield  the  same  product. 

It  was  Joseph  Black  (1757)  who  first  recognized  the  gas  as  a  dis- 
tinct substance.  He  observed  its  formation  when  marble  or  mag- 
nesium carbonate  was  heated: 

CaCOj  i=±  CaO  +  CO,, 

and  named  the  gas  ''  fixed  air  "  from  the  fact  that  it  was  contained 
in  these  solids.  The  above  action  had  been  used  for  centuries  in 
making  quicklime  (cfQcium  oxide).  All  common  carbonates,  except- 
ing the  normal  carbonates  of  potassium  and  sodium,  decompose  in 
this  way,  leaving  the  oxide  of  the  metal. 

Black  found  that  the  gas  was  also  produced  when  acids  acted  upon 
carbonates,  and  this  method  is  commonly  employed  in  the  laboratory : 

CaCO,  (solid)  ♦=;  CaCO,  (dslvd)  1=?  Ca"  +  C0,"\  .    „  m  ^\ic\  ^nr, 

2HC1  (dslvd)  1=5  2C1'  +  2H-   /  ^".CO,  !=♦  H,0  +  CO.. 

Since  the  carbonic  acid  is  very  slightly  ionized,  the  action  is  like  that 
of  acids  on  sulphites  (p.  256).  The  carbonate  of  calcium,  however,  is 
very  slightly  soluble,  so  that  an  additional  equilibrium  controls  its 
solution.  In  this  respect  the  action  is  like  that  of  acids  on  ferrous 
sulphide  (p.  251). 

Carbon  dioxide  is  formed  in  decay  (p.  287)  and  in  fermenta- 
tion {q.v.), 

Physical  Properties.  —  Carbon  dioxide  is  a  colorless^  odorless 
gas.  It  is  heavier  than  air.  The  G.M.  V.  weighs  44.26  g.  Liquefied 
carbon  dioxide  boils  at  —  79°.  The  sp.  gr.  of  the  liquid  at  0®  is  0.95. 
At  0°  its  vapor  tension  is  35.4  atmospheres  and  at  20®  59  atmos- 
pheres. It  must  be  preserved,  therefore,  in  very  strong  cylinders 
of  mild  steel.  Large  quantities  of  it,  often  collected  from  fermen- 
tation vats,  are  sold  in  such  cylinders,  and  used  in  operating  beer- 
pumps  and  in  making  aerated  waters.     When  the  liquid  is  allowed 
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to  flow  out  into  an  open  vessel  it  cools  itself  by  its  own  evaporation 
and  forms  a  white,  snowlike  mass.  Solid  carbon  dioxide  evaporates 
without  melting  (c/.  p.  308). 

Carbon  dioxide  gas  (760  mm.  and  15°)  dissolves  in  its  own  volume 
of  water.  Up  to  four  or  five  atmospheres  Henry's  law  describes  its 
solubility  accurately.  An  aqueous  solution,  under  a  pressure  of  2-3 
atmospheres,  is  familiarly  known  as  sodorwater. 

ChenUcdl  Properties.  —  Carbon  dioxide  is  a  stable  compound. 
At  2000®,  the  dissociation  reaches  7.5  per  cent,  or  about  four  times 
that  of  water:  2C0j  ^  2C0  +  0,. 

The  more  active  metals,  like  magnesium,  bum  brilliantly  when 
ignited  in  a  cupel-shaped  lump  of  soUd  carbon  dioxide,  producing 
the  oxide  and  free  carbon.  Less  active  metals,  such  as  zinc  and  iron, 
give  an  oxide  and  carbon  monoxide  iq.v,). 

Carbon  dioxide  unites  directly  with  many  oxides,  particularly  those 
of  the  more  active  metals,  such  as  the  oxides  of  potassium,  sodium, 
calcium,  ^tc.  Hence  the  decomposition  of  calcium  carbonate  by 
heating  (p.  322)  is  a  reversible  action. 

Carbon  dioxide,  when  dissolved  in  water,  forms  an  unstable  acid: 

HjO  +  CO,  1^  H,CO,. 

The  name  carbonic  acid  is  frequently,  though  improperly,  given  to 
the  anhydride  CO,,  which  has  no  acid  properties. 

Chemical  Properties  of  Carbonic  Add  H^CO^. — The  solu- 
tion of  carbon  dioxide  in  water  exhibits  the  properties  of  a  weak  acid. 
It  conducts  electricity,  although  not  well.  It  turns  litmus  red. 
The  ionization  takes  place  chiefly  according  to  the  equation: 

HjCOj  ♦=>  H"  +  HCO,^ 

Carbonates  and  Bicarbonates  —  When  excess  of  an  aqueous 
solution  of  carbonic  acid  is  mixed  with  a  solution  of  a  base  like  sodium 
hydroxide,  or,  as  the  operation  is  more  usually  performed,  when 
carbon  dioxide  is  passed  into  a  solution  of  the  alkali,  water  is  formed 
and  the  acid  carbonate  (bicarbonate)  remains  dissolved: 

H,CO,  -f  NaOH  ±=;  H^O  +  NaHCO,,  or  H*  +  OH'  -^  H,0. 

Although  the  bicarbonate  is  technically  an  acid  salt,  its  solution  is 
neutral  on  account  of  the  exceedingly  sUght  dissociation  of  the  HCO3' 
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ion.  By  addition  of  an  equivalent  of  sodium  hydroxide  the  nonnal 
carbonate  is  obtained: 

NaOH+NaHCO,?=>H20+Na,CO„    or    0H'+HC0/?=4H,O+00/'. 

This  solution,  like  that  of  all  salts  of  a  strong  base  and  a  feeble  acid 
(c/.  p.  254),  is  alkaline  in  reaction.  This  is  because  the  tendency  to 
form  the  very  sUghtly  ionized  HCO3'  makes  the  foregoing  ionic 
action  noticeably  reversible  (c/.  pp.  254,  311). 

The  nprmal  carbonates,  with  the  exception  of  those  of  pot^ussium, 
sodium,  and  ammonium,  are  insoluble  in  water,  and  may  be  obtained 
by  precipitation  when  the  proper  ions  are  employed.    For  example: 

BaClj+Na,C03<=iBaC0,|  +2Naa    or    Ba'*+CO,''i=fcBaOO,|. 

The  aqueous  solution  of  carbon  dioxide  interacts  with  solutions  of 
barium  and  calcium  hydroxides  in  a  similar  manner: 

Ca(0H)2  +  H2CO,  t=^  CaCO,  I  +  H,0. 

These  precipitations  are  used  as  tests  for  carbon  dioxide. 

Excess  of  carbon  dioxide  converts  qalcius^carbonate  into  the  more 
soluble  bicarbonate,  and  hence  consmerable  quantities  of  "  lime  " 

ft 

are  frequently  held  in  solution  by  natural  waters: 

H2CO3  +  CaCOj  ^  H^CaCCOj)^. 

In  the  same  fashion,  the  carbonates  of  iron  (FeCO,),  m^gQ^aum, 
and  zinc  are  somewhat  soluble  in  water  containing  free  carbonic  acid. 
In  fact,  the  solution,  transportation,  and  deposition  of  all  these  car- 
bonates take  place  in  nature  on  a  large  scale  by  the  alternate  progress 
and  reversal  of  this  action.  Water  containing  "  lime  "  in  solution 
is  known  as  hard  water  (q.v,), 

Mole  of  Chloro2}hy Upbearing  Plants  in  Storing  Energy. — 

While  in  plants  the  same  consumption  of  oxygen  and  production  of 
carbon  dioxide  goes  on  as  in  animals,  only  with  less  rapidity,  an 
action  which  is  in  a  general  way  a  reversal  of  this  takes  place  at 
the  same  time.  The  chlorophyll  and  protoplasm  in  the  leaves  of  the 
plant  have  the  power  of  taking  up  carbon  dioxide.  Part  of  the 
oxygen  is  restored  to  the  air,  and  the  rest  of  the  substance,  including 
all  the  carbon,  is  used  by  the  plant  as  food.  This  operation  goes  on 
only  in  sunlight.  The  various  chemical  compounds  which  plants 
construct  in  large  quantities,  of  which  sugar,  starch,  and  cellulose 
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are  prominent  examples,  are  built  up  as  the  result  of  this  action. 
We  may  represent  the  production  of  cellulose  by  means  of  the 
equation: 

6CO3  +  5HjO  -H.  CJI.JO^  -f  60j  -  671,000  calories. 

The  energy  absorbed  in  this  action  is  furnished  by  the  simlight. 
The  same  amount  is  recovered  when  the  wood  is  burned,  and  the 
action  reversed. 

Carbon  Monoxide  CO. 

Preparation. —  Carbon  monoxide  is  formed  in  many  industrial 
operations.  We  commonly  observe  the  blue  flame  of  burning  carbon 
monoxide  playing  on  the  surface  of  a  coal  fire.  The  gas  is  produced 
by  the  passage  of  the  carbon  dioxide,  which  is  first  formed,  through 
the  upper  layers  of  heated  coal: 

CO,  +  C  ->  2C0. 

A  similar  reduction  of  carbon  dioxide  is  produced  by  metals  such  as 
zinc,  when  a  moderate  heat  is  applied: 

CO,  -f  Zn  -►  ZnO  +  CO. 

On  a  large  scale,  a  mixture  of  carbon  monoxide  and  hydrogen  is 
known  as  water  gas.  Steam  is  turned  into  an  iron  cylinder  lined 
with  fire  clay  and  filled  with  vigorously  burning  coke: 

C  +  H,0  -►  CO  +  H,. 

The  products  are  both  combustible,  and,  by  the  addition  of  sub- 
stances which  bum  with  a  luminous  flame,  the  mixture  is  used  for 
the  manufacture  of  illuminating-gas  {q.v.). 

In  the  laboratory,  carbon  monoxide  is  frequently  obtained  by 
heating  oxalic  acid,  a  solid,  white,  cr^'stalline  substance,  with  con- 
centrated sulphuric  acid.  The  latter  is  here  employed  simply  as  a 
dehydrating  agent  (p.  263),  so  that  it  need  not  be  included  in  the 
equation :  ^j^^^^^  _^  ^^^  -f  CO  +  H,0. 

To  obtain  pure  carbon  monoxide  from  this  mixture  it  is  necessary  to 
remove  the  carbon  dioxide  by  passing  the  gas  through  a  solution  of 
potassium  hydroxide.  By  using  formic  acid,  or  sodium  formate, 
with  sulphuric  acid,  the  presence  of  the  carbon  dioxide  is  avoided: 

HCHO,  ->  CO  +  H,0. 


326  COLLEGE  CHEMISTRY 

BhyHcal  Braperties. — Carbon  monoxide  is  a  oolorless,  tfwtf^^ 
odorless  gas.  It  is  very  slightly  soluble  in  water.  Its  density  is 
almost  the  same  as  that  of  air.    When  liquefied  it  boils  at  —  19(f  . 

Chemical  I^roperHea.  —  All  the  chemical  properties  of  carbon 
monoxide  are  referable  to  the  fact  that  in  it  the  element  carbon 
appears  to  be  bivalent:  C=0.  The  compound  is  in  fact  unsatu- 
rated, and  combines  with  oxygen,  chlorine,  and  other  substanceB 
directly.  Thus  the  gas  bums  in  the  air,  imiting  with  oxygen  to  form 
carbon  dioxide.  Again,  iron  (q.v,)  is  manufactured  by  the  reductioo 
of  the  oxide  of  iron  by  gaseous  carbon  monoxide  in  the  blast  furnace: 

FcjOa  -f-  SCO  ^  2Fe  +  3C0,. 

In  sunlight  carbon  monoxide  unites  directly  with  chlorine  to  form 
carbonyl  chloride  COCl,.  It  unites  directly  with  nickel  and  iron  to 
form  nickel  carbonyl  and  iron  carbonyl  (q.v.),  respectively. 

The  gas  is  an  active  poison.  When  inhaled  it  imites  with  the 
haemoglobin  of  the  blood  to  the  exclusion  of  the  oxygen  which  forms 
a  less  stable  compound  (cf.  p.  52).  A  quantity  equivalent  to  about 
10  c.c.  of  the  gas  per  kilo,  weight  of  the  animal  is  sufficient  to  pro- 
duce death,  about  one-third  of  the  whole  haemoglobin  having  entered 
permanently  into  combination  with  carbon  monoxide. 

Carbon  JDlsulphide  CS^^  —  This  compound  is  made  by  direct 
union  of  sulphur  vapor  and  glowing  charcoal.  An  electric  furnace 
like  that  in  Fig.  57  (p.  304)  is  employed.  The  substance  comes  off 
as  a  vapor  and  is  condensed. 

Carbon  disulphide  is  a  colorless,  highly  refracting  liquid  (b.-p.  46°). 
Traces  of  other  compounds  give  the  commercial  article  a  disagreeable 
smell.  It  burns  in  air,  forming  carbon  dioxide  and  sulphur  dioxide. 
Iodine,  phosphorus,  sulphur,  and  rubber  dissolve  freely  in  it. 

Eocercisea.  —  1.  To  which  of  the  factors  in  the  interaction  of  cal- 
cium carbonate  and  hydrochloric  acid  (p.  322)  is  due  the  forward 
displacement  of  all  the  equilibria? 

2.  What  will  be  the  excess  of  pressure  inside  a  bottle  of  soda- 
water  when  four  volumes  of  carbon  dioxide  are  dissolved  in  one 
volume  of  water? 

3.  What  volume  of  liquid  carbon  dioxide,  measured  at  0**,  will  be 
required  to  give  75  liters  of  the  gas  at  0®  and  760  mm.  pressure? 

4.  What  are  the  exact  relative  weights  of  equal  volumes  of  carbon 
dioxide,  carbon  monoxide,  air^  and  steam? 
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The  compounds  of  carbon  with  hydrogen  are  called  hydrocarbons. 
Those  containing  oxygen,  as  well,  are  divided  into  numerous  and 
extensive  groups  according  to  their  behavior.  Thus  there  are  acids 
Uke  acetic  acid,  carbohydrates  like  sugar  and  starch,  alcohols  like 
common  (ethyl)  alcohol,  and  esters  like  ethyl  acetate  and  fat.  There 
are  also  compounds  related  te  cyanogen,  like  prussic  acid,  which  con- 
tain nitrogen.  We  can  discuss  only  one  or  two  examples  from  each 
of  the  groups  named. 

The  Htdrocarbons. 

More  than  two  hundred  and  fifty  compounds  of  carbon  and  hydro- 
gen have  been  described.  They  fall  into  several  distinct  series,  the 
chief  one  of  which  contains  methane  CH4  as  its  simplest  member. 
On  account  of  the  fact  that  certain  members  of  this  set  are  found  in 
paraffin,  it  is  commonly  known  as  the  paraflin  series.  For  the  reason 
that  in  this  series  the  carbon  has  all  its  four  valences  employed,  the 
members  are  also  called  the  saturated  hydrocarbons. 

Paraffin  Series  of  Hydrocarbons.  —  The  names  and  formula 
of  some  of  the  members  of  the  series  are: 

Gases:  methane  CH4,  ethane  CA»  propane  CJE„  butane  C4H,o  (b.-p.  1^. 

Liquids:  pentane  C»Hj,  (b.-p.  35^),  hexane  C^Hif  (b.-p.  71^),  heptane  CyHje 
(b.-p.  99^,  .... 

Solids:  hexadecane  C^fiu  (m.-p.  18^,  pentatriacontane  ChH,,  (m.-p.  74.7^, 
hexacontane  C^Hm  (m.-p.  102^). 

In  composition,  each  is  related  to  the  preceding  one  by  containing  the 
additional  units  CH,.  Their  relations  will  be  more  clearly  perceived 
if  we  employ  the  graphic  formulae  for  the  first  three  members.  The 
hydrogen  is  imivident,  and  the  carbon  quadrivalent: 
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The  natural  gaa  of  Pennsylvania  and  Ohio  contains  a  large  propor- 
tion of  methane. 

Petroleum  consists  of  a  mixture  of  the  liquid  and  solid  members  of 
the  series  in  var3ring  proportions,  and  is  found  in  many  parts  of  the 
United  States,  in  Ontario,  at  Baku  on  the  Caspian,  in  India,  and  in 
Japan.  In  oil-refining,  advantage  is  taken  of  the  differences  in  the 
boiling-points  to  make  a  partial  separation  of  the  components  by 
fractional  distillation.  In  this  operation  a  thermometer  immersed  in 
the  vapor  (Fig.  14,  p.  26)  rises  steadily  as  the  less  volatile  compo- 
nents increase  in  quantity  and  the  more  volatile  decrease.  The 
receiver  is  changed  as  certain  temperatures  are  reached. 


Name. 


Petroleum  ether 
Gasolene  .   .   . 
Naphtha  .    .    . 
Benzine    .    .    . 
Kerosene     .    . 


Oomponents. 


Pentane,  hexane 
Hexane,  heptane 
Heptane,  octane 
Octane,  nonane 
Decane,  hexadecane 


B.-P. 


40*  -  70** 

70°  -  90° 

80°  -120° 

120°  -150° 

150°  -300° 


Uses. 


Solvent,  gas-ma 
it 

fuel 
Illuminating-oil 


it 


it 


It 


The  portions  of  still  higher  boiling-point  are  used  as  lubricating 
oils.    Vaseline  consists  of  substances  CjaH^  to  CzaH^g  (m.-p.  40-50°). 

By  cooling  the  residues  from  the  retorts  with  a  freezing  mixture 
(c/.  p.  204),  some  of  the  solid  members  of  the  series,  C22H4,  to  CjgHj,, 
are  obtained  as  white  flakes,  which  are  separated  by  filtration  in 
presses.  This  material  forms  the  parafBoi  used  in  waterproofing 
paper,  in  laundry  work,  and  as  an  ingredient  in  candles. 

The  hydrocarbons  are  extremely  indifferent  in  their  chemical  be- 
havior. They  have  none  of  the  properties  of  acids,  bases,  or  salts. 
The  halogens,  notably  chlorine  and  bromine,  however,  interact  with 
them  (see  below).  When  burned  they  all  produce  carbon  dioxide 
and  water. 

Methane  CH^.  —  Methane,  otherwise  known  as  margh-gas,  is 
the  chief  component  of  natural  gas.    It  also  rises  to  the  surface  when 
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the  bottoms  of  marshy  pools  are  disturbed,  and  issues  from  seams  in 
coal  beds  (**  fire-damp  "  from  Ger.  Dampf,  vapor).  In  these  two 
cases  it  results  from  the  decomposition  of  vegetable  matter  in  absence 
of  air. 

Methane  may  be  made  from  inorganic  materials  by  the  action  of 
water  upon  aluminium  carbide,  prepared  by  the  interaction  of  alumi- 
nium oxide  and  carbon  in  the  electric  furnace  (c/.  pp.  304,  321): 

A1,C,  -f-  12H,0  ->  4A1(0H),  -f-  3CH,. 

In  the  laboratory  the  gas  is  commonly  obtained  by  the  distillation 
of  a  dry  mixture  of  sodium  acetate  and  sodium  hydroxide: 

NaCjHjO,  +  NaOH  -^  Na,COa  +  CH,. 

When  a  mixture  of  methane  and  chlorine  is  exposed  to  sunlight 
several  changes  occur  in  succession  (c/.  p.  115) : 

CH,  +  CI3  -^  CKJCI  +  HCl,        CH3CI  +  CI3  -^  CHjCl,  +  HQ, 
CHjClj  +  CI3  ->  CHQ,  +  HCl,         CHQ,  -f-  CL,  ->  CCI4     +  HCl. 

This  kind  of  interaction  with  the  halogens  is  characteristic  of  com- 
pounds of  hydrogen  and  carbon.  It  takes  place  slowly,  and  is  there- 
fore entirely  different  from  ionic  chemical  change.  It  consists  in  a 
progressive  svbstUtUion  of  chlorine  for  hydrogen,  unit  by  unit. 
Ohlorofonn  CHCI3  is  the  only  one  of  the  four  products  which  is  a 
familiar  substance.  The  corresponding  iodine  derivative,  iodofonn 
CHI,  is  used  in  surgical  dressing.  These  substances  are  not  salts, 
and  are  not  ionized  in  solution.  They  are  very  slowly  hydrolyzed 
by  water,  —  carbon  tetrachloride,  for  example,  giving  carbonic  acid 
and  hydrochloric  acid. 

Ethylene  C^H^.  —  Ethylene  is  the  first  member  of  the  second 
series  of  hydrocarbons.  It  corresponds  to  ethane  CjHq,  but  contains 
in  each  molecule  two  hydrogen  units  less  than  does  this  substance. 

Ethylene  is  made  by  heating  common  alcohol  (ethyl  alcohol) 
with  concentrated  sulphuric  acid: 

C,H,OH-*H,0  +  C,H,t. 

A  comparison  of  the  graphic  formulae  of  the  alcohol  and  ethylene 
shows  that  this  loss  of  water  leaves  the  carbon  partly  unsaturated: 

H    H  H   H  H      H 

I  I  I      I  II 
H— C-C— O— H         -€,-V—       or         H-C  -  C— H 

II  II 
H    H                         H   H 
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The  water  may  also  be  removed  by  allowing  alcohol  to  fall  drop  bj 
drop  into  heated  phosphoric  acid. 

Ethylene  is  formed,  along  with  acetylene  and  other  substances, 
when  any  saturated  hydrocarbon  is  heated  strongly.     Even  methane 

Ethylene  is  a  gas.  It  bums  in  the  air  with  a  flame  which,  on 
account  of  the  great  separation  of  free  carbon  which  takes  pdace 
temporarily  during  the  combustion  (c/.  Flame),  is  hi^ily  luminous. 
It  will  be  seen  that,  in  the  formula,  but  three  of  the  valences  of  each 
carbon  unit  are  occupied:  the  substance  is  unsaturated.  Hence, 
when  ethylene  is  passed  through  liquid  bromine  it  is  rapidly  absorbed, 
and  the  bromine  seems  to  increase  in  volume  and  finally  loses  all  its 
color,  being  converted  into  a  transparent  liquid  having  the  com- 
position C2H4Br2,  ethylene  bromide. 

Acetylene. — This  substance,  likewise  a  gas,  is  the  first  member  of 
still  another  unsaturated  series.  Its  formular  C3H3  shows  that  its 
molecule  lacks  four  of  the  hydrogen  units  necessary  to  the  oomjdete 
saturation  which  we  find  in  ethane.  Graphically  its  structure  is 
usually  represented  thus:  H  —  C  =  C  —  H.  This  gas  is  formed  in 
small  quantities  by  direct  union  of  carbon  and  hydrogen  in  the 
electric  arc  (p.  320).  It  is  also  produced  when  ethylene  is  passed 
through  a  heated  tube:  C2H4  -^  C2H2  +  H,  (c/.  Flame).  When  cal- 
cium carbide  (p.  321)  is  thrown  into  water  it  is  hydrolyzed.  Violent 
effervescence  occurs,  the  calcium  carbide  is  disintegrated,  a  precipi- 
tate of  calcium  hydroxide  is  formed,  and  acetylene  passes  oflF  as  a 

^^'  CaC^  +  2H2O  ->  Ca(0H)2  +  C^H^. 

This  action  is  like  that  of  water  on  calcium  phosphide  (p.  307), 
and  magnesium  nitride  (p.  281). 

Acetylene  burns  with  a  flame  which  is  still  more  luminous  than 
that  of  ethylene. 

The  Acids. 

Formic  Acid  HC02n.  —  The  removal  of  water  from  formic 
acid  produces  carbon  monoxide  (p.  325).  Although  we  cannot 
reverse  the  process  and  cause  carbon  monoxide  to  combine  with 
water,  we  can  make  it  unite  with  bases.  By  passing  carbon  mon- 
oxide over  hot  sodium  hydroxide,  we  obtain  sodium  formate,  from 
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which  formic  acid  may  be  liberated  by  double  decomposition  with 
another  acid:  ^  ^  ^^^  ^  HaCO,H. 

This  acid  is  secreted  by  red  ants,  and  is  foimd  in  stinging  nettles. 
It  is  a  liquid  boiling  at  100.1^.  The  molecule  contains  two  atoms  of 
hydrogen,  but  the  acid  is,  in  fact,  monobasic. 

AceHe  Acid  JETCj-ffjOa  —  This  acid  is  produced  in  the  dry  dis- 
tillation of  wood*  (p.  318).  Large  quantities  of  it  are  manufactured 
from  dilute  alcohol.  The  liquid  is  allowed  to  flow  in  a  slow  stream 
through  a  barrel  filled  with  shavings.  Holes  in  the  barrel  provide 
for  the  access  of  air,  and  a  bacterium  with  which  the  shavings  are 
infected  promotes  oxidation  of  the  alcohol: 

C^HjOH  +  O,  ->  C,H,OOH  +  H,0. 

Oxygen  alone  does  not  affect  alcohol  in  the  cold.  The  bacterium  (£. 
aceti,  "  mother-of-vinegar  ")  assists  this  action,  as  lower  organisms 
are  found  to  assist  many  chemical  actions,  in  a  way  which  may  be 
described  roughly  as  catalytic  (see  Fermentation,  p.  332). 

The  dilute  solution  of  acetic  acid  produced  in  this  manner  contains 
from  five  to  thirteen  per  cent  of  acetic  acid,  and  is  known  as  vinegar. 
By  fractional  distillation  the  solution  may  be  concentrated  until  a 
little  water  only  remains,  and  finally,  by  freezing  (c/.  p.  204),  the 
acetic  acid  may  be  crystallized  out.  Pure  acetic  acid,  in  consequence 
of  its  freezing  readily  in  cold  weather,  is  known  as  "  glacial  "  acetic 
acid.    It  melts  at  16.7**  and  boils  at  118*^. 

Although  four  atoms  of  hydrogen  are  contained  in  its  molecule, 
but  one  of  these  is  replaceable  by  metals.  This  fact  is  recognized  in 
the  reaction  formula  (p.  83)  of  the  acid,  HCjHjOj. 

Oxalic  Aeid  H^C^O^.  —  This  acid  is  dibasic.  Its  calcium  salt 
CaC304  is  the  least  soluble  of  the  salts  of  calcium,  and  is  found  in 
many  plants  in  the  form  of  bundles  of  needle-shaped  crystals.  The 
acid  may  be  made  by  oxidation  of  sugar  with  nitric  acid.  The  white 
crystalline  hydrate,  H2C204,2H20,  is  the  form  used  in  the  laboratory. 

*  The  dry  distillation  of  bones  (p.  318),  on  the  other  hand,  and  of  animal 
matter  (p.  281)  in  general,  gives  alkaline  liquids,  because  of  the  ammonia 
that  is  formed. 


832  COLLEGE   CHE^aSTRY 

Carbohydrates  and  Fermentation. 

CarbohydrcOes.  —  The  various  kinds  of  sugar,  starch,  and  cellii- 
lose  form  a  closely  related  group  of  substances.  As  it  happens  that 
the  proportion  of  hydrogen  to  oxygen  in  the  composition  of  most  of 
them  is  the  same  as  that  of  these  elements  in  water,  they  Bie  known 
by  the  name  of  carbohydrates.  None  of  these  substances  show  any 
distinct  evidence  of  ionization. 

Dextrose,  otherwise  known  as  glucose  or  grape-ragar,  is  a  white 
crystalline  substance  having  the  composition  CJELJd^  It  is  found 
dissolved  in  the  juices  of  sweet  fruits,  such  as  grapes. 

The  most  familiar  sugar  is  cane-sugar  C^^^B^O^,  which  may  form 
as  much  as  18  per  cent  by  weight  of  the  juices  pressed  from  the 
sugar-cane,  and  sometimes  reaches  16  per  cent  of  the  fluid  material 
in  the  sugar-beet.  It  is  prepared  by  boiling  the  juices  with  animal 
charcoal  (p.  319),  to  remove  the  coloring  matter  which  would  other- 
mse  give  the  sugar  a  brown  tint.  The  liquid  is  then  concentrated 
imtil  crystals  appear.  The  mother-Uquor  which  no  longer  deposits 
crystals  is  known  as  mclaasea. 

The  relation  of  starch  to  the  sugars  is  seen,  not  only  in  the  formula 
(CjHioOJn,  but  in  the  fact  that  by  boiling  starch  with  dilute  acids, 
dextrose  is  formed  along  with  other  products  of  the  hydrolysis- 
Commercial  "  glucose  "  is  made  by  this  process.  Starch  is  an  in- 
soluble white  substance  which  is  found  in  the  form  of  fine  particles 
in  the  fruit  and  other  parts  of  plants. 

Oellulose  has  the  same  composition  as  starch.  It  forms  the  frame- 
work of  the  cells  of  plants.  In  many  cases  it  is  overlaid  with  a  con- 
siderable thickness  of  lignin,  which  in  paper-making  is  removed  by 
boiling  the  wood  with  sodium  hydroxide  or  calcium  bisulphite  solu- 
tion (p.  266).  When  the  product  has  been  washed  thorou^y  with 
water,  almost  pure  cellulose  remains.  Matted  cellulose  in  thin 
sheets  forms  the  basis  of  paper,  and  filter  paper  contains  nothing  else 
(see  under  Aluminium  sulphate).  Other  forms  of  pure  cellulose  are 
known  as  cotton,  linen,  and  jute,  according  to  their  sources.  Al- 
though the  chemical  composition  of  these  varieties  is  identical,  the 
physical  properties  vary  considerably. 

FermenteMan. — This  is  the  name  given  to  a  number  of  different 
chemical  changes,  brought  about  by  catalytic  action  of  complex 
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chemical  compounds  secreted  by  living  organisms.  These  com- 
pounds are  called  enzymes,  and,  in  many  cases,  have  been  separated 
from  the  organisms  by  means  of  solvents.  Their  action  must  be 
regarded  as  catalytic,  since  small  quantities  of  the  active  organisms 
or  of  the  enzymes  can  produce  very  extensive  chemical  changes 
without  themselves  suffering  alteration  in  the  process. 

The  organisms  may  be  divided  into  three  classes,  each  secreting 
different  enzymes  which  confine  themselves  for  the  most  part  to 
special  kinds  of  chemical  change.  (1)  The  molds,  when  grown  in 
sugar  solution  or  beef  extract,  or  other  nutritive  solutions,  produce 
decompositions  known  collectively  as  putrefaction.  (2)  Oertain 
bacteria  promote  the  oxidation  of  alcohol  to  acetic  acid  (p.  331). 
Some  also  decompose  sugar,  furnishing  butyric  or  lactic  acid  as  one 
of  the  products.  (3)  The  yeasts  {aaccharomycetes)  flourish  in  solu- 
tions of  some  sugars,  and  decompose  them  into  alcohol  and  carbon 
dioxide.  This  decomposition  is  known  as  alcoholic  fermentation. 
These  changes  are  usually  brought  about  by  actual  introduction  of 
the  organism.  In  brewing,  however,  the  enzyme  itself,  diastase,  is 
employed  to  hydrolyze  starch. 

When  yeast  is  added  to  a  solution  of  cane-sugar,  hydrolysis  into 
dextrose  and  levulose  first  occurs: 

Ci2H„0ji  -f-  H,0  ->  C,H„Oe  -f-  CeH  „0e- 

This  change  is  produced  also  by  boiling  with  dilute  acids.  But 
the  enzyme  of  the  yeast  immediately  decomposes  the  dextrose  and 
the  levulose  into  alcohol  and  carbon  dioxide: 

CeH,  A  ->  2CJH5OH  +  2C0,. 
The  liquid  effervesces,  and  the  carbon  dioxide  escapes  into  the  air. 

Alcohols,  Esters,  and  Soap. 

Alcohols. — When  wood  is  distilled  (p.  318),  methyl  alcohol  CH3OH 
is  found  in  the  fluid  product.  When  purified  this  is  a  colorless 
liquid  boiling  at  66°.  Its  solution  in  water  shows  no  evidence  of 
ionization. 

Common  or  ethyl  alcohol  CjHjOH  is  formed  in  the  fermentation  of 
solutions  of  sugar  by  yeast  (p.  333),  and  is  separated  from  the  water 
and  the  other  products  of  fermentation  by  distillation.  The  product 
contains  95%  of  alcohol  by  volume  (in  Great  Britain,  90%)  and  is 
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applicable  to  most  commercial  uses.  Absolute  alcohol,  entirely  free 
from  water,  is  made  by  placing  the  *  spirit  in  vessels  filled  with 
quicklime.  The  latter  interacts  with  the  water  produdng  calcium 
hydroxide,  and  the  clear  Uquid  which  is  poured  oflf  is  distilled  onoe 
more.     Pure  alcohol  boils  at  78.3°. 

Glycerine  CsH^COH),  is  an  alcohol  containing  three  hydrozyi 
groups,  —  a  trihydric  alcohol. 

Eaters:  Soap.  —  When  an  acid  and  an  alcohol  are  mixed,  an 
ester  and  water  are  formed.  The  action  is  slow  and,  being  reversible, 
is  always  incomplete.  But  by  introduction  of  a  dehydrating  agent, 
like  concentrated  sulphuric  acid,  the  water  is  removed  and  the 
change  brought  to  completion.  Thus,  ethyl  alcohol  and  acetic 
acid,  when  warmed  with  sulphuric  acid,  give  ethyl  acetate: 

CjHgOH  +  HCjHjOj  ^  CjHsCjHsOa  +  H,0. 

When  this,  or  any  other  ester,  is  boiled  with  excess  of  water,  the 
foregoing  action  is  reversed. 

When  esters  are  boiled  with  strong  bases,  such  as  sodium  hydroxide 
solution,  an  alcohol  and  the  salt  of  the  acid  are  formed: 

The  fats  are  mixtures  of  complex  esters  and  imdergo  this  change 
just  as  do  the  simpler  esters.  The  sodium  salts  produced  from  fats 
are  known  as  soaps,  and  this  general  kind  of  action  is  called,  therefore, 
saponification  (Lat.  sapo^  soap). 

In  beef  fat  the  chief  esters  present  are  tripalmitin,  tristearin,  and 
triolein.  It  will  be  sufficient  to  illustrate  the  chemistry  of  the  manu- 
facture of  soap  by  discussing  the  case  of  one  of  these  substances. 
Tripalmitin  is  the  glyceryl  ester  of  palmitic  acid.  When  fat  is  mixed 
with  hot  sodium  hydroxide  solution  it  first  forms  an  emulsion*  in 
which  the  fat  is  disseminated  in  minute  droplets  through  the  liquid. 
This  is  a  result  of  surface  tension.  WTien  the  emulsion  is  boiled, 
the  fat  is  slowly  decomposed  into  glycerine  and  sodium  palmitate. 
The  change  is  similar  in  plan  to  the  simpler  one  just  discussed: 

3NaOH  +  C3H,(C,,H3A)s-^C3H,(OH)3  4-  3NaC^.H„0,. 

♦  In  the  intestines  the  same  office  is  performed  by  the  gall,  secreted  by  the 
liver,  and  so  the  fat  is  prepared  for  absorption  into  the  system. 
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Changes  similar  to  this  occur  with  the  other  two  esters.  The  only 
difference  is  that  the  organic  radical  in  the  case  of  tristearin  is 
CigHjsOj,  and  in  the  case  of  triolein  CjgHjaOj.  Both  products  in  each 
of  the  three  cases  are  soluble  in  water,  but  when  common  salt  is 
added  to  the  solution  the  sodium  salts  of  the  organic  acids  are  separ- 
ated("  salted  out  ")  as  a  solid  mass,  which  is  known  as  soap.  When 
potassium  hydroxide  takes  the  place  of  sodium  hydroxide  the  whole 
imsalted  mass  is  semi-fluid,  and  is  known  as  soft  soap. 

The  components  of  soap,  Uke  other  soluble  salts,  are  highly  ionized 
in  solution,  and  show  all  the  properties  of  ionogens.  For  example, 
addition  of  an  acid  hberates  the  organic  acid.  So  also,  when  soap  is 
dissolved  in  hard  water  (c/.  p.  77),  a  white,  flocculent  precipitate  is 
formed,  which  coagulates  upon  the  sides  of  the  vessel.  This  is  a 
mixture  of  the  calcium  salts  formed  by  union  of  the  proper  ions. 
For  example,  the  sodium  palmitate  is  changed  as  follows: 

2NaC,eH3A  +  CaSO,-^Ca(C,6H3,COO),|+  Na^,. 

Most  of  the  salts  of  these  acids,  with  the  exception  of  those  of  potas- 
sium and  sodium,  are  insoluble  in  water. 

Cyanogen. 

Cyanogen  C^N"^  —  This  compound  is  prepared  by  allowing  a 
solution  of  cupric  sulphate  to  trickle  into  a  warm  solution  of  potas- 
sium cyanide.  The  cupric  cyanide,  at  first  precipitated,  quickly 
decomposes,  giving  cuprous  cyanide  and  cyanogen: 

2KNC  +  CuSO^  -^  Cu(NC)4  -f-  K^SO,, 
2Cu(NC),  ->  2CuNC  +  CjNjf . 

Cyanogen  is  a  very  poisonous  gas  with  a  characteristic,  faint  odor. 

Hydrocyanic  Acid  HNC.  —  This  acid,  called  also  pnusic  acid, 

is  most  easily  made  by  the  action  of  an  acid  upon  a  cyanide  (see 
Potassium  cyanide)  followed  by  distillation.  It  is  a  colorless  liquid 
boiling  at  26.5®.  It  has  an  odor  like  that  of  bitter  almonds,  and  is 
highly  poisonous.  In  aqueous  solution  it  is  an  extremely  feeble 
acid.  Hydrocyanic  acid  and  the  cyanides  are  unsaturated  com- 
pounds, a  fact  which  is  illustrated  in  the  two  following  paragraphs. 

Cyanates  and  Thiocyanates.  —  When  potassium  cyanide  is 
fused  and  stirred  with  an  easily  reducible  oxide,  like  lead  oxide 
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(PbO),  the  metal  (for  example,  the  lead)  collects  at  the  bottom  of 
the  iron  crucible  in  molten  form,  and  potusiiim  cyvkMtm  KNGO  is 
produced:  ^^^^  ^  p^^  _^  j^^^  ^  p^ 

When  potassium  cyanide  in  aqueous  solution  is  boiled  with  sulj^ur 
or  with  a  polysulphide  (p.  255),  it  is  converted  into  potasaiiim  tldo- 
cyanata  KCNS.  This  salt,  or  ammonium  thiocyanata  NH^CNS,  is  used 
in  testing  for  ferric  ions  on  account  of  the  deep-red  color  of  ferric 
thiocyanate  (c/.  p.  179). 

ExereUes.  —  1.  Make  the  graphic  formula  of  hexane  (p.  327), 
ethyl  formate,  ethylene  bromide  (p.  330),  ethyl  alcohol. 

2.  Make  equations  for  the  formation  of  aluminium  carbide  (p.  329) , 
the  saponification  of  triolein  (p.  334). 

3.  Prepare  a  summary  of  the  various  statements  that  have  been 
made  in  the  text  about  catalysis  (e.g.  pp.  54,  74, 110,  114,  161,  257, 
268,  302,  333),  and  illustrate  fully. 


CHAPTER  XXX 


FLAMS  AND   ILLUMINAHTS 


Meaning  of  the  Term.  —  In  the  combustion  of  charcoal  there 
is  hardly  any  flame,  for  the  light  emanates  almost  entirely  from  the 
incandescent,  massive  solid.    When  two  gases  are  mixed  and  set  on 
fire,  a  sort  of  flame  passes  through  the 
mixture,  but  this  can  hardly  be  accounted 
a  flame,  in  the  ordinary  sense,   either. 
The  rapid  movement  of  the  flash,  and  the 
explosion  which  accompanies  it,  are  in  a 
manner  the  precise  opposite  of  the  quiet 
combustion    which    is    characteristic   of 
flames. 

With  illuminating-gas  the  production 
of  its  very  characteristic  flame  is  due  to 
the  chemical  union  of  a  stream  of  one 
kind  of  gas  in  an  atmosphere  of  another. 
The  flame  is  made  up  of  the  heated  matter 
where  the  two  gases  meet.  In  the  case  of 
a  burning  candle,  one  of  the  bodies 
appears  to  be  a  solid,  but  a  closer  scrutiny 
of  the  phenomenon  shows  that  the  solid 
does  not  bum  directly.  A  combustible 
gas  is  manufactured  continuously  by  the 
heat  of  the  combustion  and  rises  from  the 
wicL  The  introduction  of  a  narrow  tube 
into  the  interior  of  the  flame  enables  us 
to  draw  off  a  stream  of  this  gas  and  to 
ignite  it  at  a  remote  point.    Thus,  a  flame 

ia  a  phenomenon  produced  at  the  snxfaee  where  two  gates  meet  and 
undergo  combination  with  the  evohition  of  heat  and,  more  or  leei,  light. 

In  the  chemical  point  of  view,  it  b  a  matter  of  indifference  whether 
the  gas  outside  the  flame  contains  oxygen,  and  the  gas  inside  consista 
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of  substances  ordinarily  known  as  combustibles,  or  whetiier  this 
order  is  reversed.  In  an  atmosphere  of  ordinary  illuininating-gB8» 
the  flame  must  be  fed  with  air.  This  condition  is  easily  realised 
(Fig.  60).  The  lamp-chimney  is  closed  at  the  top  until  it  has  become 
filled  with  illuminating-gas.  After  the  lapse  of  a  few  minutes  this 
can  be  ignited  as  it  issues  from  the  bottom  of  the  wide,  strai^t  tube 
which  projects  from  the  interior.  When  the  hole  in  the  cover  of 
the  lamp-chimney  is  then  opened,  the  upward  draft  causes  the 
flame  of  the  burning  gas  to  recede  up  the  tube,  and  th&e  results 
a  flame  fed  by  air  and  burning  in  coal-gas.  In  an  atmos{diere 
of  this  kind,  materials  playing  the  part  of  a  candle  burning  in 
air  would  have  to  be  substances  which,  under  the  influence  of  the 
heat  of  combustion,  give  off  oxygen.  Strongly  heated  potassium 
chlorate,  for  example,  appears  to  bum  continuously  in  such  an 
atmosphere  when  lowered  into  it  in  a  deflagrating  spoon. 


Luminous  Flames*  —  The  flame  of  hydrogen,  under 
circumstances,  is  almost  invisible,  nearly  all  the  energy  of  the  com- 
bustion being  devoted  to  the  production  of  heat.  A  part  of  this, 
however,  may  be  transformed  into  light  by  the  suspension  of  a 
suitable  solid  body,  such  as  a  platinum  wire,  in  the  flame.  The 
holding  of  a  piece  of  quicklime  in  an  oxyhydrogen  flame  (c/.  p.  74) 
is  a  practical  illustration  of  this  method  of  securing  luminosity. 
In  general,  luminosity  may  be  produced  by  the  presence  of  some 
incandescent  solid. 

In  the  Welsbach  lamp  the  flame  itself  is  non-luminous,  and,  but 
for  the  mantle,  would  be  identical  with  the  ordinary  Bunsen  flame. 
The  mantle  which  hangs  in  the  flame,  however,  by  its  incandescence, 
furnishes  the  light.  This  mantle  is  composed  of  a  mixtiue  of  99 
per  cent  thorium  dioxide  (ThOj)  and  one  per  cent  cerium  dioxide 
(CeOj).  While  many  cheaper  oxides  would  give  out  a  white  light, 
they  have  neither  sufficient  coherence,  nor  sufficiently  lasting,  hi^ 
emissivity  to  make  their  use  practicable.  It  is  worth  noting  that 
any  appreciable  variation  from  the  above  proportions,  by  the  intro- 
duction of  either  more  or  less  cerium  oxide,  produces  a  marked 
diminution  in  the  intensity  and  whiteness  of  the  light. 

In  cases  of  brilliant  combustion,  as  of  magnesium  ribbon  or  phos- 
phorus, a  solid  body  is  formed  whose  incandescence  accounts  for  the 
light.    The  flame  of  ordinary  illuminating-gas  does  not  at  first  A^jtxi 
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appear  to  ^ve  evidence  of  the  presence  of  any  solid  body.  But  if  a 
cold  evaporating  dish  is  held  in  the  flame  for  a  moment,  a  thick 
deposit  of  finely  divided  carbon  (soot)  is  formed,  and  we  at  once 
realize  that  the  hght  is  due  to  the  glow  of  these  particles  in  a  niaas  of 
intensely  hot  gas.  Carbon  is,  indeed,  an  extremely  combustible 
substance,  and  is  eventually  entirely  consumed.  But  a  fresh  supply 
is  continually  being  generated  in  the  interior  of  the  flame,  while  the 
oxygen  with  which  it  is  to  unite  is  outsitie  the  flame  altogether. 
Thus  the  carbon  particles  persist  until,  drifting  mth  the  spreading 
gas,  they  reach  the  periphery  of  the  flame. 

The  Bufinen  Flame. —  In  the  burner  devised  by  Robert  Bunsen, 
a  jet  of  ordinary  Uluminating-gas  is  projected  from  a  narrow  opening 
into  a  wider  tube.  In  this  tube  it  becomes  mixed  with  air,  drawn 
in  through  openings  whose  dimensions  ran  be  altered  by  means  of  a 
perforated  ring.  When  the  supply  of  air  is  sulEcient,  the  flame 
becomes  non-luminous.  With  a  somewhat  different  construction, 
and  the  use  of  a  bellows  to  force  a  larger  proportion  of  air  into  the 
gas,  a  still  hotter  flame  can  be  produced-  The  instrument  in  this 
case  is  known  as  a  blast-lamp.  The  high  temperature  of  the  Bunsen 
flame  is  not  difficult  to  account  for.  It  will  be  seen  at  once,  on 
handling  the  burner,  that  the  flame  diminishes  to  one-half  or  one- 
third  of  its  previous  size  when  air  b  admitted.  Since  the  same 
amount  of  gas  is  burning  in  both  cases,  and  the  products  in  both 
cases  are  water  and  carbon  dioxide,  the  total  amounts  of  heat  pro- 
duced must  in  both  cases  be  the  same.  The  production  of  an  equal 
amount  of  heat  in  a  smaller  flame  necessarily  causes  this  to  have  a 
higher  average  temperature. 

Structure  of  Utr  lUutninathtg  and  the  ButMen  flame.  — 

When  an  exceedingly  smalt  luminous  flame  is  examined,  the  various 
parts  of  which  it  consists  may  easily  be  made  out.  In  the  interior 
there  is  a  dark  cone  which  is  composed  of  illuminating-gas  and  air, 
and  in  it  no  combustion  is  taking  place.  A  match-head  may  l>e  held 
here  for  some  time  without  being  set  on  fire.  This  is  therefore  not 
properly  a  part  of  the  flame.  Outside  this  is  a  vivid  blue  layer  (C, 
Fig.  6!)  which  is  best  seen  in  the  lower  part  of  the  flame,  but  extends 
beneath  the  luminous  sheath,  and  covers  the  dark  inner  cone  com- 
pletely.   Outside  the  blue  flame,  and  covering  the  greater  part  of 
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it,  is  the  cone-shaped  luminous  portion  (S).  Over  all  is  a  faint 
mantle  of  non-luminous  flame  (.A),  which  becomes  visible  when  tbe 
light  from  the  luminous  part  is  purposely  obetructed.  In  the  lumi- 
nous gBS-fiame,  therefore,  there  are  four  regions,  if  we  count  tixe 
inner  cone  of  gas.  The  difference  between  this  aod  the 
non-luminous  Bunsen  flame  is  that  in  the  latter  the  lumi- 
nous region  is  omitted,  and  the  inner,  dark  oooe,  tbe  blue 
sheath,  and  tbe  outer  mantle,  are  the  only  parts  whidi 
can  be  distinguished. 

Jtlum4nattng-6aa  and  Ub  CompoaUt4>it, —  Before 
considering  the  chemistry  of  the  ga»-flame,  it  is  neces- 
sary to  know  what  substances  are  burning.  Tbe 
illuminating-gas  in  Europe,  and  in  many  of  the  smaller 
cities  of  the  United  States,  is  usually  coal-gas,  while  in 
the  larger  cities  of  America  it  is  almost  always  made  from 
water-gas.  Ooal-gu  is  obtained  by  the  destructive  dis- 
tillation of  soft  coal,  and  is  freed  from  iunmonia  (</.  p. 
2S1)  and  tar  by  washing  and  cooling,  and  from  hydrogen 
sulphide  and  carbon  dioxide  by  passage  throu^  layen 
of  slaked  Ume.  The  wat«i-ffu,  made  by  the  acUon  of 
steam  upon  anthracite  or  coke,  being  composed  of  car- 
bon monoxide  aod  hydrogen  (c/.  p.  325),  has  no  illumi- 
nating power.  It  is  therefore  "  carburetted,"  that  is,  mixed  with 
hydrocarbons,  by  passage  through  a  cylindrical  structure  filled  with 
white-hot  firebrick,  upon  which  falls  a  small  stream  of  tugh-boiling 
petroleum.  The  relatively  involatile  hydrocarbons  of  which  the 
oil  consists  are  thus  decomposed  ("  cracked  "),  and  gaseous  sub- 
stances of  high  illuminating  power  are  produced.  The  following 
table  shows  the  composition  of  each  of  these  kinds  of  gas,  together 
with  that  of  oil-gas  (Piotsch's),  which  is  composed  entirely  of  the 
products  from  "  cracking  "  oil: 


Wster-GM. 

Oll-Gu. 

IllumiDanU 60 

Heating  gases: 

Methane 34.5 

Hydrogen *9.0 

Carbon  mono jcide     .   .      ■          '-2 

Impurities: 

Nitrogen 3.2 

Carbon  dioxide      .    .                      11 

18,6 

19  B 
32.1 
26.1 

2,4 
3  0 

38.8 
U.« 

1.1 

Candle  power     ....                    17,5 

25.0 

os.o 
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These  are  average  numbers,  and  considerable  variations  from  these 
proportions  are  often  met  with.  The  illuminants  are  unsaturated 
hydrocarbons,  such  as  ethylene  and  acetylene,  and  the  value  of  the 
gaa  for  illuminating  purposes  depends  on  the  amount  of  these 
particular  components. 

Tlie    CituHea  of   Luminosity   and-    Xon-LutninoitHy,  —  The 

study  of  the  chemical  changes  taking  place  in  the  Bunaen  flame, 
particularly  with  the  object  of  explaining  (1)  the  luminosity  of  the 
flame  of  the  pure  gas,  and  (2)  the  non-luminosity  of  that  produced 
by  the  same  gas  when  it  is  mixed  with  air,  has  been  the  subject  of 
many  elaborate  investigations.  The  questions  are:  (1)  Why  is  car- 
bon liberated  in  the  former  case,  and  (2)  why  is  it  not  liberated  in 
the  latter?    Let  us  consider  these  questions  in  order. 

1.  The  investigations  referre<l  to  show  conclusively  that  the  free 
carbon  in  the  luminous  aone  of  the  ordinary  flame  is  accompanied 
by  free  hydrogen,  and  that  both  are  formed  by  dissociation  of  the 
ethylene.  This  substance,  when  heated,  gives  acetylene,  and  the 
latter  then  dissociates  into  carbon  and  hydrogen  {p.  330) : 

C,H<  ->  H,  +  CjH,  ^  2C  +  H,. 

The  carbon  glows,  until,  as  it  drifts  outwards,  it  encounters  the 
oxygen  of  the  air  and  is  burned.  That  carbon  glows  when  heated 
in  the  absence  of  oxygen,  without  being  consumed,  is  a  fact  familiar 
in  the  hciiavior  of  the  incandescent  electric  lamp,  the  filament  of 
which  is  made  of  carbon. 

The  conception  that  when  hydrocarbons  bum,  they  first  undergo 
dissociation,  and  then  union  with  oxygen,  is  in  harmony  with  what 
we  have  ob.ierved  also  in  the  case  of  the  combustion  of  hydrogen 
sulphide,  where  the  presence  of  free  sulphur  and  tree  hydrogen  in  the 
interior  of  the  flame  was  demonstrat«d  tp.  251). 

2.  The  influence  of  the  air  admitted  to  the  Bunsen  burner,  in 
interfering  with  this  dissociation  in  such  a  way  as  to  destroy  all 
luminosity,  is  the  most  difficult  point  to  explain.  The  effect  is  fre- 
quently attributed  to  the  oxygen  which  the  air  contains.  This  view, 
however,  is  seriously  weakened  by  a  consideration  of  the  undoubted 
fact  that  oxygen  is  not  required.  Carbon  dioxide  and  ateam  a» 
equally  efficient  when  introduced  instead  of  air.  Even  nitrogen, 
^bich  cannot  possibly  be  suspected  of  furnishing  any  oxygen,  like- 
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wise  deetroys  the  luminosity.    Lewes  has  shown  that  0.5  volumesd 
oxygen  in  1  volume  of  coal-gas  destroy  the  luminosity.    But  136 
volumes  of  nitrogen  or  2.27  volumes  of  air  acoompliah  the  sunt 
result.    Thus  the  efficiency  of  air  is  not  much  greater  than  that  of 
nitrogen,  in  spite  of  the  fact  that  one-fifth  of  the  former  is  oxy^ 
It  is  evident  that  the  effect  is  due,  in  part  at  least,  to  the  dUtilia^ 
with  a  cold  gas.    This  is  confirmed  by  the  observation  that  a  cold 
platinum  dish  held  in  a  small  luminous  flame  is  similarly  destructive 
of  the  luminosity.    If  the  tube  of  the  Bunsen  burner  is  heated  id 
that  the  mixed  gases  are  considerably  raised  in  temperature  brfoR 
reaching  the  non-luminous  flame,  the  latter  becomes  luminous.   It 
is  probable,  therefore,  that  the  cold  gas  lowers  the  temperature  of 
the  inner  flame,  and  at  the  same  time  the  dilution  fiinninifthfft  the 
speed  with  which  the  free  carbon  is  formed  (Lewes).     E^ven  if  the 
temperature  is  not  reduced  below  that  at  which   dissociation  of 
the  ethylene  can  occur,  yet  the  dilution  and  cooling,  together,  pre- 
vent that  sharp  dissociation  at  this  particular  point  which  is  neces- 
sary for  the  production  of  the  great  excess  of  free  carbon  needed  to 
furnish  the  light. 

Exercisen. —  1.  In  what  way  will  calcium  hydroxide  remove 
hydrogen  sulphide  from  coal-gas  (p.  340)? 

2.  Make  a  section  showing  the  shape  of  the  flame  produced  by 
burning  hydrogen  gas  when  the  latter  issues  from  a  circular  opening. 


if 
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fllUOOir  AND  BOBOH 

In  respect  to  chamictl  reUtioni  there  is  a  close  resemblance  between 
silicon  and  carbon.  The  former  element  gives  no  monoxide,  how- 
ever, and  is  quadrivalent  in  all  its  compounds.  In  chemical  character 
it  is  strictly  non-metallic. 

Oeeurrenee.  —  Silicon,  unlike  carbon,  is  not  found  in  the  free 
condition.  In  combination  it  is  the  most  plentiful  element  after 
oxygen,  and  constitutes  more  than  one-quarter  of  the  crust  of  the 
earth.  The  oxide  is  silica  or  sand  (SiO,),  and  this  oxide  and  its 
compounds  are  components  of  many  rocks.  In  the  inorganic  world 
silicon  is  the  characteristic  element  to  almost  as  great  an  extent  as 
is  carbon  in  the  organic  realm. 

JPreparaHan  of  SiUcan*  —  When  finely  powdered  magnesium 
and  sand  are  mixed,  and  one  part  of  the  mass  is  heated,  a  violent 
action  spreads  rapidly  through  the  whole: 

2Mg  +  SiO,  -►  Si  +  2MgO. 

At  the  same  time,  and  especially  if  excess  of  the  metal  is  used,  some 
magnesium  silicide  Mg^Si  is  formed  also.  The  mixture  is  treated 
with  a  dilute  acid  which  decomposes  the  magnesium  oxide  and 
the  silicide,  and  leaves  the  silicon  (amorphous)  undissolved.  When 
amorphous  silicon  is  dissolved  in  molten  zinC;  the  mass,  after  solidi- 
fication, is  found  to  contain  cryttalUne  silicon.  The  zinc  is  removed 
by  the  action  of  a  dilute  acid,  the  silicon  remaining  unaffected. 

JProperHes*  —  Amorphons  iiUeon  is  a  brown  powder.  It  unites 
with  fluorine  at  the  ordinary  temperature,  with  chlorine  at  430°,  with 
bromine  at  500°,  with  oxygen  at  400°,  with  sulphur  at  600°,  with 
nitrogen  at  about  1000°,  and  with  carbon  and  boron  at  temperar 
tures  attainable  only  in  the  electric  furnace.  It  is  slowly  oxi- 
dised by  aqua  regia  to  silicic  acid,  and  is  dissolved  by  a  mixture  of 
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hydrofluoric  acid  and  nitric  acid,  giving  silicon  tetrafluoride.  OkTi- 
talliied  silicon  consists  of  black  needles  belonging  to  the  hezagonil 
system.  Its  chemical  behavior  is  like  that  of  the  amorphous  varietj 
just  described. 

Both  kinds  of  silicon  act  upon  boiling  solutions  of  potassium  or 
sodium  hydroxide  (c/.  p.  67),  the  ortho-  or  metasilicate  being  formed: 

Si  +  2K0H  +  HjO-^KaSiO,  +  2H,. 

Silicon  Hydride  8iH^.  —  Silicon  differs  from  carbon  in  ^ving 
only  two  well-defined  compounds  with  hydrogen.  The  chief  one 
may  be  liberated  as  a  gas  by  the  action  of  hydrochloric  acid  upon 
magnesium  silicide: 

MfeSi  +  4HC1  ->  2MgCl,  +  SiH,. 

The  action  is  similar  to  that  by  which  hydrogen  sulphide  is  made. 
The  pure  gas  is  easily  inflammable,  and  unites  with  oxygen  to  form 
wat^r  and  silicon  dioxide.  When  heated  alone,  it  decomposes  into 
its  constituents. 

Carhide  of  Silicon  SiC*  —  This  compound  is  manufactured 
for  use  as  an  abrasive,  and  is  sold  under  the  name  of  carlNimiidam. 
A  mixture  of  quartz-sand,  coke,  and  common  salt  is  heated  to  about 
3500®  in  the  electric  furnace: 

SiOj  +  3C  ->  SiC  +  2C0. 

Silicon  carbide  when  pure  is  composed  of  transparent,  colorless, 
hexagonal  plates.  Ordinarily  the  crystals  are  brown  or  black-  It 
stands  next  to  the  diamond  and  carbide  of  boron  in  hardness.  It 
is  used  in  making  machinery  for  polishing  hard  rock,  such  as  granite, 
and  is  employed  also  for  protecting  the  walls  of  puddling  furnaces 
(g.v.)f  and  in  other  ways  in  the  steel  industr}^ 

Silicon  Tetrachloride  and  Tetrafluoride.  —  The  tetrachloride 

SiCl4  is  formed  by  direct  union  of  the  free  elements.  It  is  more 
conveniently  prepared  by  passing  chlorine  over  a  strongly  heated 
mixture  of  silicon  dioxide  and  carbon.  The  gaseous  products  enter 
a  condenser  in  which  the  tetrachloride  assumes  the  liquid  form: 

2CI2  +  SiOj  +  2C  ->  SiCl^  +  2C0. 

Chlorine  is  unable  to  displace  oxygen  from  combination  with  silicon, 
and  has,  therefore,  when  alone,  no  effect  upon  sand.    In  the  above 
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action,  therefore,  the  carbon  is  used  to  secure  the  oxygen  while  the 
chlorine  combines  with  the  silicon.  This  tdad  of  interaction  is  in 
some  degree  dififerent  from  any  which  we  have  hitherto  encountered. 
It  bears  no  special  name,  but  the  principle  underlying  it  is  very  com- 
monly employed  (see,  e.g.,  Chlorides  of  boron  and  aluminium). 

Silicon  tetrachloride  is  a  colorless  liquid  (b.-p.  59°)  which  fumes 
strongly  in  moist  air,  and  acts  violently  upon  cold  water,  giving 
silicic  acid: 

SiCl.  +  4H,0-.4Ha  +  SiCOH),!. 

When  strong  hydrofluoric  acid  acta  upon  sand,  Hilicon  tetr&fluorida 
SiF,  is  liberated: 

SiO,  +  4HF  -» 2H,0  +  SiF,. 

Since  the  water  interacts  with  the  tetiafluoride  (see  i)elow),  the 
latter  is  usually  made  by  heating  sand  with  powdered  calcium 
fluoride  and  excess  of  sulphuric  acid.  In  this  way  the  hydrogen 
fluoride  is  generated  in  contact  with  the  sand,  and  at  the  same  time 
the  sulphuric  acid  renders  the  water  inactive.  Hydrofluoric  acid 
acts  in  a  corresponding  way  upon  all  silicates  (q.v.),  whether  these 
are  minerals  or  are  artificial  silicates  like  glass  (cf.  p.  171). 

Silicon  tetrafluoride  is  a  colorless  gas.  It  fumes  strongly  in  moist 
air,  and  acta  vigorously  upon  water.  This  interaction  is  different 
from  that  of  the  tetrachloride,  Ijecause  the  excess  of  the  tetrafluoride 
forma  a  complex  compound  with  the  hydrofluoric  acid: 
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SiF,  +  4H,0  ~*  8i(0H)«  (+  4HF) 
(4HF)  4-  2SiF,  -*  2H,SiF, 


CD 

C2) 

3SiF,  +  4HjO  —  Si(OH),  +  2H^iF, 

The  silicic  acid  is  precipitated  in  the  water,  and  may  be  separated  by 
filtration,  leaving  a  solution  of  bydrofluoallicic  acid. 

ttyilroftiioaUieUt  Ar.Ul  H^iFf  —  This  acid  is  stable  only  in 
solution.  When  the  water  is  removed  by  evaporation,  silicon 
tetrafluoride  is  given  off,  while  most  of  the  hydrogen  fluoride  remains 
to  the  last.  Its  salts  are  decomposed  in  a  corresponding  way  when 
they  are  heated.  This  acid  Is  used  in  analysis  chiefly  because  its 
potassium  and  sodium  salts  are  amongst  the  tew  salts  of  these  metals 
which  are  relatively  Insoluble  in  water.  The  barium  salt  is  also 
insoluble,  but  most  of  the  salts  of  the  heavy  metals  are  soluble. 
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SiUean  JDiaooide  SHO^  —  This  substance  may  be  maHf^  in  Hn 

fonn  of  a  fine  white  powder  by  heating  precipitated  ailicie  add.  It 
is  found  in  many  different  forms  in  nature.  In  large,  tranmMRot, 
sixHsided  prisms  with  pyramidal  ends  it  is  known  as  qoarti  or  nd 
cryitaL  When  colored  by  manganese  and  iron  it  is  called  amttim^ 
when  by  organic  matter,  smoky  quarts.  A  special  arrangement  of 
the  structure  gives  cat's  eye.  Amorphous  forms  of  the  tukn%^  matsmL 
often  colored  brown  or  red  with  ferric  oxide,  are  agate.  Ja^v  and 
onyx,  the  last  much  used  in  making  cameos.  SUj^tly  hydnted 
forms  of  silica  are  the  opal  and  flint. 

Silicon  dioxide,  although  differing  profoundly  from  carbon 
in  its  physical  nature,  nevertheless  behaves  like  the  latter 
Thus,  when  boiled  with  potassium  hydroxide  solution   it  fcnu 
potassium  meta-  or  orthosilicate: 

SiO,  +  4K0H  ->  K^iO^  +  2H,0. 

The  salt  is  left  as  a  gelatinous  solid  ("  soluble  glass  ")  when  the  water 
is  evaporated.  The  silicates  of  potassium  and  sodium  may  aIim^  be 
obtained  by  boiling  sand  with  the  carbonates  of  these  metals,  carfoon 
dioxide  being  displaced.  They  are  produced  more  rapidly,  however, 
usually  as  metasilicates  (see  below),  by  fusing  the  sand  with  the 
alkali  carbonates: 

SiOj  +  K^COa  ->  K^SiOj  +  CO,. 

Silica  is  found  in  the  hard  parts  of  straw,  of  some  species  of  hoise- 
tail  (equisetum),  and  of  bamboo.  In  the  form  of  whetstones  it  is 
used  for  grinding.  The  clear  crystals  are  employed  in  making 
spectacles  and  optical  instruments.  Pure  sand  is  used  in  glass  manu- 
facture (g.y.).  Recently,  small  pieces  of  chemical  apparatus  have 
been  manufactured  by  fusing  quartz  in  the  oxyhydrogen  flame  or 
the  electric  furnace.  Owing  to  the  low  coefficient  of  expansion  of 
silica,  the  vessels  fashioned  out  of  it  can  be  heated  or  cooled  as 
suddenly  as  we  choose,  without  risk  of  fracture. 

Silicic  Acid  H^SiOi  —  When  acids  are  added  to  a  solution  of 

sodium  silicate,  silicic  acid  is  set  free.  After  a  little  delay  it  usually 
appears  as  a  gelatinous  precipitate.  When,  however,  the  silicate  is 
poured  into  excess  of  hydrochloric  acid,  no  precipitation  occurs.    The 
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silicic  acid  remains  in  coUoidAl  solution  (a  form  of  very  fine  suspen- 
sion).   The  acid  before  precipitation  is  probably  orthosilicic  acid: 

Na^SiO^  +  4HC1  -*  4Naa  +  Si(OH)^ 
Na^SiO,  +  2HC1  +  H,0  -*  2NaCl  +  Si(OH)^ 

but  the  gelatinous  precipitate,  when  dried,  contains  a  smaller  pro- 
portion of  the  elements  of  water.  There  seem  to  be  no  definite 
stages,  indicating  the  existence  of  various  acids,  such  as  we  observe 
with  phosphoric  acid.  The  final  product  of  drying  is  the 
dioxide. 

Silicic  acid  is  a  very  feeble  acid,  and,  therefore,  gives  no  salt  with 
ammonium  hydroxide.  The  potassium  and  sodium  salts  give 
strongly  alkaline  solutions  (c/.  pp.  254,  324). 

Silicates.  —  While  silicic  acid  is  presumed  to  be  the  ortho-acid 
Si  (OH)  4,  and  no  other  silicic  acids  have  been  made,  the  salts  are 
most  easily  classified  by  imagining  them  to  be  derived  from  various 
acids  representing  different  degrees  of  hydration  of  the  dioxide 
(c/.  p.  310),  or,  to  put  it  the  other  way,  different  degrees  of  dehydra- 
tion of  the  ortho-acid.  The  following  equations  show  the  relation 
of  the  ortho-acid  to  some  of  the  silicic  acids  whose  salts  are  most 
commonly  found  amongst  mmerals: 

H^SiO^-    H,0->H2Si03  (-    HASiO^)       Metasilicic  acid. 
2H,SiO,  -    H^O^HAO,   (=  3H,0,2SiO,)  )  1^^^.,.^^^     .j 
2H,SiO,  -  3H,0  -*  H,Si,0,  (=    H,0,2Si03)  >  ^^'^'^^  '^'^^' 
3H,Si04  -  4H,0  -►  H^SijOg  (=  2H20,3Si02)      Trisilicic  acid. 

Di-  and  trisilicates  are  those  derived  from  acids  containing  two  and 
three  units  of  silicic  anhydride,  respectively,  in  the  formula.  The 
valences  of  the  radicals  of  the  acids  are  shown  by  the  number  of 
hydrogen  units  in  the  formulfle. 

The  composition  of  minerals  is  often  exceedingly  complex.  This 
is  due  to  the  fact  that  amongst  them  mixed  salts  (p.  231)  are  very 
common,  in  which  the  hydrogen  of  the  imaginary  acid  b  displaced 
by  two  or  more  metals  in  such  a  way  that  the  total  quantity  of  the 
metals  is  equivalent  to  the  hydrogen.  The  following  list  presents 
in  tabular  form  some  typical  or  comrnqn  minerals  arranged  according 
to  the  foregoing  classification: 
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Orthosilicates  (H/^iOJ  JMicft,  KH^M^CSOJ^ 

iKaolin,  H^(SOJ,,^0 

(Wollastonite,  CaSO, 
Beryl,  Gl^(SO,), 
Talc,  H^&(SK),)« 

Disilicate  (HcS^O^)  Serpentine,  Sig,Si,0^ 

Trisilicate  (H^SijO.)         Orthoclase  (fddspar),  KAlSi/)^ 

It  will  be  seen  that  the  total  valence  of  the  metal  units  is  equal  to 
that  of  the  acid  radicals.  Thus,  in  beryl  there  are  ax  equivalents  of 
glucinum  (Vjeryllium)  and  six  of  aluminium,  talriTig  the  place  of 
twelve  units  of  hydrogen  in  (H^iO,)^ 

Mica,  which  is  oV^tained  in  large  sheets  from  Farther  India,  is  used 
in  making  lamp-chimneys  and  as  an  insulator  in  electrical  apparatus. 
Kaolin,  or  clay,  like  mica,  is  an  acid  orthosilicate. 

Some  of  these  minerals  frequently  occur  mixed  together  as  iwokr 
components  of  certain  igneous  rocks.  Thus,  granite  is  a  more  or  les 
coarse  mixture  of  quartz,  mica,  and  feldspar.  Frequently  the  dbbnff. 
flesh-colored  or  white  crystals  of  the  last  are  large  and  very  consmco- 
ous.  Sandstone  is  coiniKJsed  of  sand  cemented  together  by  clay  or 
by  lime,  and  colored  brown  or  yellow  by  ferric  oxide. 

Boron  B. 

As  regards  chemical  relations,  boron,  being  a  uniformly  trivalent 
element,  is  a  member  of  the  aluminium  family  (see  Table  of  periodic 
system,  at  the  end  of  this  book).  Yet  it  is  a  pronounced  non-metal 
and  its  oxide  and  hydroxide  are  acidic:  i^luminium  is  a  metal  and 
with  its  oxide  and  hydroxide  basic  i)roi)ertics  predominate.  Boron 
and  its  coniiK)unds  really  ivsi»mble  carbon  and  silicon  and  their 
compounds  in  all  clKMiucnl  prt)|H*rties, except  the  property  of  valence. 

Occiirrrfire,  1  ,\ko  sili«M>n.  Inm^i  is  found  in  oxygen  compounds, 
namely,  in  borir  i\c'u\  (i^.v.)  and  its  salts.  Of  the  latter,  sodium  tetra- 
borate Nn,B/\.  or  Iumjix.  ranu^  lii^st  friMU  India  under  the  name  of 
tincal.  Tn  constitutors  a  lari.t«*  do]H»sit  in  lV)rax  Lake  in  California. 
Colomanito,  (\'»,IV\i''*'U^^.  ^''^^"^  (California,  and  other  complex 
borates,  furtiisli  a  larjj*^  part  of  flu*  ixntunonnal  supply  of  compounds 
of  boron. 
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t  Pr^arttttOTh  —  When  boric  oxide  is  heated  with  powdered  m&g- 

aeium  (B,0,  +  3Mg-*3MgO  +  2B),  black,  amorphoua  boron  can 
B  separated  with  some  difficulty  from  the  boridea  of  magnesium  in 
e  resulting  mixture.  When  excess  of  powdered  aluminium  is  used, 
rd  crystals  of  boron  are  formed. 
1  Properties. — ^  Boron  unites  with  the  same  elements  as  does 
picon  (p.  343),  but  \vith  somewhat  greater  activity.  Like  carbon 
I.  257,  299),  it  is  also  oxidized  by  hot,  concentrated  sulphuric  or 
ptric  acid,  the  product  being  boric  acid.  It  interacts  with  fused 
potassium  hydroxide,  giving  a  borate: 

2B  +  6K0H  —  2K,B0,  +  3H,. 
Boron,  when   heatetl   with  nitrogen,  unites   directly  to   form  the 
nitride  BN,  a  whit«  solid.     When  heated  in  the  electric  furnace  with 
carbon,  it  forms  a  cirbide  B,C.    This  substance  is  harder  than  car- 
borundum, and  stands  next  to  the  diamond  in  respect  to  hardness. 

The  HalM«a  of  Boron.  —  By  combinetl  action  of  carbon  and 
chlorine  on  boric  oxide,  using  the  principle  employed  in  preparing 
silicon  tetrachloride  (p.  344),  the  trichloride  o(  boron  BCI,  may  be 
made.  It  is  a  liquid  (b.-p.  18°)  which  fumes  strongly  in  moist  air, 
and  is  completely  hydrolyzed  by  wal«r. 

Boron  trifluoiide  BF,  Is  made  by  the  interaction  of  calcium  fluoride 
and  sulphuric  acid  with  boron  trioxide.  The  mode  of  preparation 
and  the  properties  of  the  substance  recall  silicon  tetrafluoride  {p.345). 
It  interacts  with  water,  hke  the  latter,  giving  boric  add  and  hydro- 
fluoboric  a«ld  HBF,: 

4BF.  +  3H,0  -»  B(OH),  +  3HBF.. 

Boric  Arifl  ntid  Boron  Trioxide. —  Boric  acid  (boracic  acid, 
HjBOJ  is  somewhat  volatile  with  steam,  and  is  found  in  Tuscany 
in  jets  of  water  vapor  (so^oni)  which  issue  from  the  ground. 
Water,  retained  in  basins  of  brickwork,  is  placed  over  the  openings, 
and  from  this  water,  after  evaporation,  boric  acid  is  obtained  in 
crystalline  form.  As  boric  acid  is  very  feeble,  and  withal  little 
soluble,  it  may  also  be  made  by  interaction  of  sulphuric  acid  and 
concentrated  borax  solution: 

Na,B.O,  +  H,SO.  +  5H,0t*  Na^O.  +  4H,B0,t. 

Boric  acid  crystallizes  from  water  in  thin  white  plates,  which  are 
letuouB  (like  graphite  and  talc)  to  the  touch.   Its  solubility  in  water 
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is  4  parts  in  100  at  19°,  and  34  in  100  at  100°.  The  solution  scan* 
affects  litmus.  It  confers  a  green  tint  on  the  Bunsen  flame.  Thk 
behavior  is  used  as  a  test  for  the  acid.  At  100°  the  acid  slowly  loss 
water,  leaving  meUboric  add  HBO,,  and  at  140°  tetnbock  add  is 
formed:  ^KBO^  -  Kfi-^H^Bfi,.  Strong  heating  gives  tb 
triozide  6,0,  a  glassy,  white  solid.  When  dissolved  in  water,  at 
these  dehydrated  compounds  revert  to  boric  acid.  The  solution  d 
boric  acid  in  water  is  used  as  an  antiseptic  in  medicine  and  as  i 
preservative  for  milk  and  other  foods. 

BortUes,  —  Borates  derived  from  orthoboric  acid  are  practicaDr 
unknown.  The  most  familiar  salt  is  borax  or  aodium  ietnbonte. 
The  decahydrate  NajB^OyylOHjO,  which  crystallizes  from  water  at 
27°  in  large,  transparent  prisms,  and  the  pentahydrate  whidi 
crystallizes  at  56*^,  are  both  marketed.  They  are  made  by  crystal- 
lization of  native  borax.  In  Germany,  borax  is  prepued  from 
boracite,  found  at  Stassfurt,  by  decomposing  a  solution  of  the 
mineral  with  hydrochloric  acid: 

MgCl„2Mg3BA5  +  12HC1  +  18H,0  -^  TMgCl,  +  16B(OH)^ 

The  boric  acid  is  redissolved  in  boiling  water,  and  sodium  carbon- 
ate is  added:  4B(OH)3  -f  Na^COj  ->  Na^B^O,  +  6H,0  -f  CO^  In 
California  it  is  made  from  colemanite  by  interaction  with  sodium 
carbonate. 

Since  boric  acid  is  a  feeble  acid,  borax  is  extensively  hydrolyzed  by 
water,  and  the  solution  has  a  marked  alkaline  reaction  {cf.  p.  254). 

When  heated  with  oxides  of  metals,  sodium  tetraborate  behaves 
like  sodium  metaphosphate  (c/.  p.  312),  and  is  used  in  the  form  of 
beads  in  analysis.  If  its  formula  be  written  2NaB0,,B,0,  {cf.  p. 
;nO)  it  will  be  seen  that  a  considerable  excess  of  the  acid  anhydride 
is  contained  in  it,  and  that,  therefore,  a  mixed  metaborate  may  be 
formed  by  union  with  some  basic  oxide.  Thus,  with  a  trace  of 
cupric  oxide,  the  bead  is  tinged  with  blue,  from  the  presence  of  a 
compound  like  2NaB02,Cu(B02)2.  Cobalt  compounds  give  a  deep- 
blue  color  to  the  bead. 

Exercises. —  1.  Compare  and  contrast  the  elements  carbon  and 
silicon,  and  their  corresponding  compounds. 

2.  What  would  be  the  interaction  between  aqueous  solutions  of 
an  ammonium  salt  and  of  sodium  orthosilicate  (c/.  p.  347)7 


CHAPTER  XXXII 

THE  BABI-FOBMINa  ELEMUm 

In  the  present  chapter  a  preliminary  view  of  the  chemistry  of  the 
metallic  elements  is  given. 

JPhyHeal  JProperHes  of  the  Metals.  —  Metals  show  what  is 
commonly  called  a  metallic  luster,  but,  as  a  rule,  they  do  so  only 
when  in  compact  form.  Magnesium  and  aluminium  exhibit  it 
when  powdered,  but  most  of  the  metals  when  in  this  condition  are 
black. 

The  metals  can  all  be  obtained  in  cryitallised  form,  when  a  fused 
mass  is  allowed  to  cool  slowly  and  the  unsolidified  portion  is  poured 
off.    In  almost  all  cases  the  crystals  belong  to  the  regular  system. 

The  metals  vary  in  specifle  gravity  from  lithium,  which  is  little 
more  than  half  as  heavy  as  water  (sp.  gr.  0.59),  to  osmium,  whose 
specific  gravity  is  22.5.  Those  which  have  a  specific  gravity  less 
than  5,  namely,  potassium,  sodium,  calcium,  magnesium,  aluminium, 
and  barium,  are  called  the  light  metals,  and  the  others  the  heavy 
metals. 

Most  metals  are  malleable,  and  can  be  beaten  into  thin  sheets  with- 
out loss  of  continuity.  Those  which  are  allied  to  the  non-metals, 
however,  such  as  arsenic,  antimony,  and  bismuth,  are  brittle.  The 
order  of  the  elements  in  respect  to  this  property,  beginning  with  the 
most  malleable,  is:  Au,  Ag,  Cu,  Sn,  Pt,  Pb,  Zn,  Fe,  Ni. 

The  tenacity  of  the  metals  places  them  in  an  order  different  from 
the  above.  It  is  measured  by  the  number  of  kilograms  which  a 
piece  of  the  metal  1  sq.  mm.  in  section  can  sustain  without  breaking. 
The  values  are  as  follows:  Fe  62,  Cu  42,  Pt  34,  Ag  29,  Au  27,  Al  20, 
Zn  5,  Pb  2. 

The  hardness  is  measured  by  the  ease  with  which  the  material  may 
be  disintegrated  by  a  sharp,  hard  instrument.  Potassium  is  as  soft 
as  wax,  while  chromium  is  hard  enough  to  cut  glass. 

The  temperature  at  which  the  metal  fuses  has  an  important  bearing 

351 


852 


COLLEGE  CHEMISTBT 


on  its  manufacture.    Most  of  the  following  mMtiMng-pabitM  are  odj 
approximate: 


Mercury  .   .   . 

-40° 

Zinc    .... 

420** 

Cast  iron 

115^ 

Potassium  . 

62° 

Antimony     . 

43r 

Nickel  .   . 

1500* 

Sodium    .   . 

96° 

Aluminium   . 

700** 

Iron  (pure) 

ISSO' 

Tin    .... 

230° 

Magnesium   . 

750^ 

Platinum . 

17S0" 

Bismuth  .   . 

264° 

Silver     .   .   . 

964** 

Manganese 

iMir* 

Cadmium    . 

320° 

Copper  .   .   . 
Gold    .... 

1067** 

Chromium 

2006^ 

Lead     .... 

326° 

1076** 

Iridium    . 

sioir 

It  will  be  seen  that  mercury  is  a  liquid,  that  potassium  and  sodium 
melt  below  the  boiling-point  of  water,  and  that  the  metals  down  to 
the  foot  of  the  second  column  can  be  melted  easily  with  the  Bunsen 
flame. 

The  methods  of  manufacture  and  the  treatment  of  metals  an 
much  influenced  also  by  their  yolatility.  The  following  are  easih 
distilled:  Mercury,  b.-p.  357°;  potassium  and  sodium,  b.-p.  about 
700°;  cadmium,  b.-p.  770*^;  zinc,  b.-p.  950°.  Even  the  most  invob- 
tile  metals  can  be  converted  into  vapor  in  the  electric  arc. 

In  many  cases  molten  metals  dissolve  in  one  another  freely.  Hie 
results  are  called  allosm,  and  in  some  cases  have  the  properties  of 
solid  solutions.  Sometimes,  as  in  the  case  of  lead  and  tin,  mixtures 
can  be  formed  in  all  proportions.  On  the  other  hand,  the  solubility 
may  be  limited,  as  in  the  case  of  zinc  and  lead,  where  only  1.6  parts 
of  the  former  dissolve  in  100  parts  of  the  latter.  The  colors  of  siloys 
are  not  the  average  of  those  of  the  constituents.  Thus,  the  nickel 
alloy  used  in  coining  contains  75  per  cent  of  copper  and  25  per  cent 
of  nickel,  yet  it  shows  none  of  the  color  of  the  former. 

Alloys  in  which  mercury  forms  one  of  the  components  are  known 
as  amalgama  (Gk.  fu£Aay/ia,  a  soft  mass),  and  are  formed  with  especial 
ease  by  the  lighter  metals.  Of  the  common  metals,  iron  is  the  least 
miscible  with  mercury. 

The  good  conductivity  of  metals  for  electricity  distinguishes  them 
with  some  degree  of  sharpness  from  the  non-metals.  They  show 
considerable  variation  amongst  themselves,  silver  conducting  sixty 
times  as  well  as  mercury.  The  following  table  gives  the  conduc- 
tivities of  the  metals  (expressed  in  terms  of  the  number  of  meters  of 
wire  1  sq.  mm.  in  section  which,  at  15*^,  offer  a  resistance  of  one 
ohm): 
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»       Silver.  ca£t 6!. 89            Nickel,  CMt 7.S8 
Copper,  com  mere  ial  .    .   57.40            Iron,  drawn 7.55 
Gold,casl «.30            Platinum 5.7-8.4 
Atumiaium.  commercial  31.53            Steel 5.43 
Zinc,  rolled 16.95           Lead 4.5fl 

■I  Brsas 14.17  Uercury 1.04S 

« 

f  To  compare  these  conductiTiUei  with  those  of  solutions,  it  may 
M  be  8ai(l  that  decinormal  hydrochloric  acid  (p.  226)  has  a  conductivity 
■    OQ  the  abuve  scale  of  0.035,  or  a  thirtieth  of  that  of  mercury. 

"         General  Cftrmical  RelaHonn  of  the  Metallic    Elemente.  — 

Since  most  of  the  compounda  of  the  metals  are  ionogens,  their  Eoiu- 
tiuns,  except  when  the  metal  is  a  part  of  a  compound  ion,  all  contain 
the  metal  in  the  ionic  state,  and  the  reaulting  substances,  such  as 
potassium-ion  and  cupric-ion,  have  constant  properties,  irrespective 
of  the  nature  of  the  negative  ion  with  which  they  may  be  mixed. 
The  properties  of  the  ions,  wmple  and  compound,  are  much  used  in 
making  testa  in  analytical  chemistry.  On  the  other  band,  the 
chemical  properties  of  the  oxides  and  of  the  salts  in  the  dry  state  are 
of  importance  in  connection  with  metallurgj". 

There  are  thraa  chemical  propertias  which  are  charsctariitlc  of  tba 
matallic  elements.  The  first  two  of  them  have  already  been  discussed 
somewhat  fully. 

1.  The  metals  are  able  by  themselves  to  form  positive  radicals  of 
salts,  and,  therefore,  to  exist  alone  as  positive  ions  (pp.  224,  271). 

2.  The  oxides  and  hydroxides  of  the  metals  are  basic  (pp.  81,  271), 

3.  Each  typical  metal  has  at  least  one  halogen  compound  which 
is  little,  if  at  all,  hydrolyzed  by  water  (p.  272).  The  same  thing  is 
true  of  nitrates  and  other  salts  of  active  acids. 

In  reference  to  the  third  characteristic,  the  non-hjrdroljnla  of  balidai 
ol  typical  metaU,  a  word  of  explanation  is  required.  Active  buei 
(hydroxides  of  typical  metals),  such  as  sodium  hvdroxide,  give,  with 
feeble  acids,  such  as  H,S  (p.  253),  H,PO/  (p.  311).  H,COj  {p.  324), 
HjSiO,  (p.  347)  and  H,BO,  (p.  350),  salts  whose  solutions  are  alkalina 
in  reaction.  This  is  due  to  hydroly^s.  But  active  baaai  give  with 
active  adds,  such  as  HCl,  and  HNOj,  salts  whose  solutions  are  nentnl 
in  reaction.  This  is  the  fact  expressed  in  the  third  characteristic  of 
the  metallic  elements.  The  lesa  active  bues,  being  hydroxides  of 
less  active  metaUic  elements,  give,  with  active  acids,  salts  whose 
solutions  are  not  neutral,  but  acid  ia  reaction,     Thus  cupric  chloride 


864  COLLEGE  CHBiaSTBT 

solution  is  feebly  acid.  This  is  because  there  is  a  tendency  far  ft! 
ions  of  the  water  to  form  the  slightly  diaaociated  molecules  of  fte 

^^*'  Cu-  +  20H'  +  2H"  -*  Cu(OH),  +  2H'. 

Finally,  a  salt  derived  from  a  base  and  an  aeld»  both  of  whidi  lit 
weak  is  also  hydrolyzed,  often  completely.  Aluminium  carboom 
and  ammonium  silicate  (p.  347)  are  examples  of  salts  which,  fwtUi 
reason,  are  completely  hydrolyzed.  The  resulting  mixture  may  have 
an  acid  or  a  basic  reaction,  if  the  acid  or  the  base  is  suffidentlr 
soluble  and  sufficiently  active.  Thus,  ammonium  sulphide  solutkn 
is  alkaline. 

Aside  from  these  points,  many  features  in  the  behavior  of  metab 
and  their  compounds  are  siunmed  up  in  the  electromotive  series 
(p.  245).  The  reader  should  re-read  all  the  parts  referred  to  abo^ 
before  proceeding  farther.  He  should  also  reexamine  the  varicKB 
kinds  of  chemical  changes  discussed  on  pp.  124,  163,  189  <^^  ptt^ 
ticularly  the  varieties  of  ionic  chemical  change  on  p.  243. 

Occurrence  of  the  Metals  in  Nature.  —  The  minerals  firoo 
which  metals  are  extracted  are  known  as  ores.  They  present  a  com- 
paratively small  number  of  different  kinds  of  compounds.  Most  of 
the  metals  are  found  in  more  than  one  of  these  forms,  so  that  in  the 
following  statement  the  same  metal  frequently  occurs  more  than 
once. 

When  the  metal  occurs  free  in  nature  it  is  said  to  be  native.  Thus 
we  have  gold,  silver,  metals  of  the  platinum  group,  copper,  mercuiy. 
bismuth,  antimony,  and  arsenic  occurring  native  (c/.  p.  245). 

The  metals  whose  oxides  are  important  minerals  are  iron,  man- 
ganese, tin,  zinc,  copper,  and  aluminium.  The  metals  are  obtained 
commercially  from  the  oxides  in  each  of  these  cases. 

The  metals  whose  sulphides  are  used  as  ores  are  nickel,  cobalt, 
antimony,  lead,  cadmium,  zinc,  and  copper. 

From  the  carbonates  we  obtain  iron,  lead,  zinc,  and  copper. 
Several  other  metals,  such  as  manganese,  magnesium,  barium, 
strontium,  and  calcium  occur  in  larger  or  smaller  quantities  in  the 
same  form  of  combination. 

The  metals  which  occur  as  sulphates  are  those  whose  sulphates  are 
not  freely  soluble,  namely,  lead,  barium,  strontium,  and  calcium. 

Compounds  of  metals  with  the  haloffens  are  not  so  numerous. 
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'"  ^ver  chloride  furnishes  a  limited  amount  of  silver.  Sodium  and 
**  potassium  chlorides  are  found  in  the  salt-beds,  and  cryolite  3NaF, 
_j  AlFj  is  used  in  the  manufacture  of  aluminium. 

The  natural  8llicat«8  are  very  numerous,  but  are  seldom  used  for 
*   the  preparation  of  the  metals.     Many  of  them  are  employed  for 
s   other  commercial  purposes,  kaolin   (p.  34S)  being  a  conspicuous 
example  of  this  class. 

Methods  of  Extraction  from  tite  Ore».  —  The  art  of  extract- 

3    ing  metals  from  their  oies  is  called  metallurgy.     Where  the  metal  is 

native,  the  process  is  simple,  since  melting  away  from  the  matrix 

if     (p.  2-18)  is  all  that  is  required.     Frequently  a  flux  is  added.     A  flux 

"     usually  is  a  substance  which  interacts  with  infusible  materials  to 

give  fusible  ones.     It  combines  with  the  matrix,  giving  a  fusible 

slag,     Since  the  slag  la  a  melted  salt,  usually  a  silicate,  and  does  not 

mix  at  all  with  the  molten  metal,  separation  of  the  products  is 

easily  effected.     When  the  ore  is  a  compound,  the  metai  has  to  be 

liberated  by  our  furnishing  a  material  capable  of  combining  with  the 

other  constituent.     The  details  of  the  process  depend  on  various 

circumstances.     Thus  the  volatile  metals,  like  zinc  and  mercury,  are 

driven  ofT  in  the  form  of  vapor,  and  secured  by  condensation.    The 

involatile  metals,  tike  copper  and  iron,  run  to  the  bottom  of  the 

furnace  and  are  tapped  off. 

Where  the  ore  is  an  oxide  it  ia  usually  reduced  by  heating  with 
carbon  in  some  form.  This  holds  for  the  oxides  of  iron  and  copper, 
for  example.  Some  oxides  are  not  reducible  by  carbon  in  an  ordinary 
furnace.  Such  are  the  oxides  of  calcium,  strontium,  barium,  mag- 
nesium, aluminium,  and  the  members  of  the  chromium  group.  At 
the  temperature  of  the  electric  furnace  even  these  may  be  reduced, 
but  the  carbides  are  formed  under  such  circumstances,  and  the 
metals  are  more  easily  obtained  otherwise.  Recently,  heating  the 
pulverized  oxide  with  finely  powdered  aluminium  hafi  come  into  use, 
particularly  for  operations  on  a  small  scale.  Iron  oxide  ia  easily 
reduced  by  this  means,  and  even  the  metals  manganese  and  chro- 
mium may  be  liberated  from  their  oxides  quite  readily  by  this  action. 
This  procedure  has  received  the  name  aliuainotbermy  (q.v.)  on  account 
of  the  great  amounts  of  heat  liberated.  In  the  laboratory  the  oxides 
of  the  lees  active  metals  are  frequently  reduced  in  a  stream  of 
hydrogen  (qf.  p.  244). 
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When  the  ore  is  a  carbonate,  it  is  first  heated  strongly  to  drmoBt 
the  carbon  dioxide  (c/.  p.  322) ;  FeCO,  ?=±  FeO  4-  CO,  |,  and  then  the 
oxide  is  treated  according  to  one  of  the  above  mentioned  methoik 
When  the  ore  is  a  sulphide,  it  has  to  be  roasted,  or  calcined  (p.  256), 
in  order  to  remove  the  sulphur,  and  the  resulting  oxide  is  then  tieatai 
as  described  above. 

OhlorideB  and  fluorideB  of  the  metals  can  be  decomposed  by  heating 
with  metallic  sodium.  This  method  was  formerly  employed  in  tie 
making  of  magnesium  and  aluminium. 

The  metals  which  are  not  readily  secured  in  any  of  the  above  wsts, 
can  be  obtained  easily  by  electxelysia  of  the  fused  chloride  or  of  flome 
other  simple  compound.  Aluminium  is  now  manufactured  entiidf 
by  the  electrolysisof  asolution  of  aluminium  oxide  in  molten  cryolite 

C€nnpaund8  of  the  Metals  :  Ooddes  and  MyehrooDideBm  —  Tit 
oxides  may  be  made  by  direct  burning  of  the  metal,  by  heating  the 
nitrates  (c/.  p.  296),  the  carbonates  (c/.  p.  322),  or  the  hydiosdda: 
Ca(0H)2  4=i  CaO  +  H2O  \.  They  are  practically  insoluble  in  water, 
although  the  oxides  of  the  metals  of  the  alkalies  and  of  the  metals  of 
the  alkaline  earths  interact  with  water  rapidly  to  give  the  hydrox- 
ides. Oxides  are  usually  stable.  Those  of  gold,  platinum,  mercury, 
and  silver  decompose  when  heated,  yet  with  increasing  diflBculty  in 
this  order.  The  metals,  like  the  non-metals,  frequently  give  several 
different  oxides.  Those  of  the  univalent  metals  (having  the  fonn 
K3O),  if  we  leave  cuprous  oxide  and  aurous  oxide  out  of  account, 
have  the  most  strongly  basic  qualities.  Those  of  the  bivalent  metab 
of  the  form  MgO,  when  this  is  the  only  oxide  which  they  furnish,  are 
base-forming.  Those  of  the  trivalent  metals  of  the  form  Al^O,, 
known  as  sesqaioxides  (Lat.  sesqui-y  one-half  more),  are  the  least 
basic  of  the  basic  oxides.  The  oxides  of  the  forms  SnO„  Sb,0|, 
CrOj,  and  MujOy,  in  which  the  metals  have  valences  from  4  to  7,  are 
mainly  acid-forming  oxides,  although  the  same  elements  usually 
have  other  lower  oxides,  which  are  basic. 

The  hydroxides  are  formed,  in  the  cases  of  the  metals  of  the  alkalies 
and  alkaline  earths,  by  direct  union  of  water  with  the  oxides.  They 
are  produced  also  by  double  decomposition  when  a  soluble  hydroxidie 
acts  upon  a  salt  (c/.  p.  239).  All  hydroxides,  except  those  of  the 
alkali  metals,  lose  the  elements  of  water  when  heated,  and  the  oxide 
remains.    In  some  cases  the  loss  takes  place  by  stages,  just  as  was 
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m  the  case  with  ortho phosphoric  acid  (p.  309).  Thus  lead  hydroxide 
|l  Pb(OH),  (q.v.)  firstgiveathehydroxidePb,0(OH)„thenPb,0,(OH)„ 
-1  and  then  the  oxide  PbO.  The  hydroxides,  with  the  exception  of 
those  of  the  metals  of  the  alkalies  and  alkaline  earths,  are  all  little 
soluble  in  water.  The  hydroxides  of  mercury  and  silver,  if  they  are 
formed  at  all,  are  evidently  unstable,  for,  when  either  material  is 
dried,  it  is  found  to  contain  nothing  but  the  corresponding  oxide. 

CmnpoHtuiM  of  Ut^  Metatit .-  Salbt.  —  It  may  be  said,  in  general, 
that  each  metal  may  form  a  salt  by  combination  with  each  one  of 
the  acid  radicals.  In  the  succeeding  chapters  we  shall  describe  only 
those  salts  which  are  manufactured  commercially,  or  are  of  special 
interest  for  some  other  reason.  The  various  salts  will  be  described 
under  each  metal.  Here,  however,  a  few  remarks  may  be  made 
about  the  characteristics  of  the  more  common  groups  of  salts.  The 
salts  are  classified  according  to  the  acid  radicals  which  they  contain. 

The  chlorides  may  be  made  by  the  direct  union  of  chlorine  with 
the  metal  {cf.  p.  113),  or  by  the  combined  action  of  carbon  and 
chlorine  upon  the  oxide  (cf.  p.  344).  The  latter  method  is  used  in 
making  chromium  chloride.  The  general  methods  for  making  any 
salt  (p.  123),  such  as  the  interaction  of  a  metal  with  an  acid,  or  of  the 
oxide,  hydroxide,  or  another  salt  with  an  acid,  or  the  double  decom- 
position of  two  salts,  may  be  used  also  for  making  chlorides.  The 
chlorides  are  for  the  moat  part  soluble  in  water.  Silver  chloride, 
mercurous  chloride,  and  cuprous  chloride  are  almost  insoluble,  how- 
ever, and  lead  chloride  is  not  very  soluble.  Most  of  the  chlorides  of 
metals  dissolve  without  decomposition,  but  hydrolysis  is  conspicuous 
in  the  case  of  the  chlorides  of  the  trivalent  metals,  such  as  aluminium 
chloride  and  ferric  chloride  (</,  p.  353).  The  chlorides  of  some  of 
the  bivalent  metals  are  hydrolyzed  also,  but,  aa  a  rule,  only  when 
they  are  heated  with  water.  This  is  the  case  with  the  chlorides  of 
magnesium,  calcium,  and  zinc.  Most  of  the  chlorides  are  stable 
when  heated,  but  those  of  the  noble  metals,  particularly  gold  and 
platinum,  are  decomposed,  and  chlorine  escapes.  The  chlorides  are 
usually  the  moat  volatile  of  the  salts  of  a  given  metal,  and  so  are 
preferred  for  the  production  of  the  spectrum  {q.v.)  of  the  metal,  and 
for  fixing  the  atomic  weight  of  the  metal  by  use  of  the  vapor  density.  - 
Some  of  the  metals  form  two  or  more  different  chlorides.  For 
example,  indium  gives  laCl,  InCl,,  and  InCI|. 
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The  Bolphidei  are  formed  by  the  direct  union  of  the  metal  «ii 
siilphur,  or  by  the  action  of  hydrogen  sulphide  or  of  some  Bolnlk 
sulphide  upon  a  solution  of  a  salt  (c/.  p.  254).  In  one  or  two  em 
they  are  made  by  the  reduction  of  the  sulphate  with  carbon.  Ik 
sulphides,  except  those  of  the  alkali  metals,  are  but  little  soluble  h 
water.  The  sulphides  of  aluminium  and  chromium  are  hydndyiK 
completely  by  water,  giving  the  hydroxides,  and  those  of  the  metik 
of  the  alkaline  earths  are  partially  hydrolyzed  (cf.  p.  264). 

The  cmrbideB  are  usually  formed  in  the  electric  furnace  by  inte^ 
action  of  an  oxide  with  carbon  (cf.  p.  321).  Some  of  them  aic 
decomposed  by  contact  with  water,  after  the  manner  of  calcius 
carbide,  giving  a  hydroxide  and  a  hydrocarbon.  Of  this  class  m 
lithium  carbide  LisC,,  barium  and  strontium  carbides  BaC,  and  SiC. 
aluminium  carbide  AI4C3,  manganese  carbide  MnC,  and  the  carbide 
of  potassium  and  glucinum.  Others,  such  as  those  of  molybdenoic 
GM03  and  chromium  CrjC,,  are  not  affected  by  water. 

The  nitrates  may  be  made  by  any  of  the  methods  used  for  prepar- 
ing salts.    They  are  oU  at  least  fairly  soluble  in  water. 

The  sulphates  are  made  by  the  methods  used  for  making  salts,  and 
in  some  cases  by  the  oxidation  of  sulphides.  They  are  all  soluble 
in  water,  with  the  exception  of  those  of  lead,  barium,  and  strontium. 
Calcium  sulphate  is  meagerly  soluble. 

The  carbonates  are  prepared  by  the  methods  used  for  making  salts. 
They  are  all  insoluble  in  water,  with  the  exception  of  those  of  sodiuis 
and  potassium.  The  hydroxides  of  aluminium  and  tin  are  so  feebk 
basic  that  these  metals  do  not  form  stable  carbonates  (cf,  pp.  347. 
354). 

The  phosphates  and  silicates  are  prepared  by  the  methods  used  in 
making  salts.  The  former  are  obtained  also  by  special  processes 
already  described  (p.  312).  With  the  exception  of  the  salts  of 
sodium  and  potassium,  all  the  salts  of  both  these  classes  are  insoluble. 

For  the  exact  solubilities  of  a  large  number  of  bases  and  aalta  at  IS^, 
see  the  Table  inside  the  cover,  at  the  front  of  this  book.  Solubilities 
at  all  temperatnres  are  shown  in  the  diagram,  Fig.  40,  p.  104. 

Exercises, —  1.  What  do  we  mean  by  saying  that  an  oxide  is 
strongly  or  feebly  basic,  or  that  it  is  acidic? 

2.  What  is  meant  by  the  same  terms  when  applied  to  an 
hydroxide? 


THB  BASB-FOBMma  ELBlfENTS 


359 


It 

II 

K 

If 
f 
i 


3.  Compare  the  molar  solubilities  at  18^,  (a)  of  the  halides  of 
silver,  and  (b)  of  the  carbonates  and  (c)  oxalates  of  the  metals  of  the 
alkaline  earths,  noting  the  relation  between  solubility  and  atomic 
weight. 

4.  What  is  the  molar  concentration  of  chloride-ion  in  saturated 
solutions  of  silver  chloride  and  lead  chloride  at  18^,  assuming  com- 
plete ionization  in  these  very  dilute  solutions? 


CHAPTER  XXXin 

THS   MBTALLIO   ELEMKNTS   OF    THS    AI.KAIIB* 
POTA88IXTM   AND  AMMOHZUlff 

The  metals  of  this  family,  with  their  atomic  wei^ts,  are: 

Lithium 7.0    Rubidium 855 

Sodium      23.0    Caesiimi 132.9 

Potassium 39.1 

Hie  Chemical  BeitiHona  of  the  MeiaUie  Xietnenis  ef  On 
Aikaiies.  —  The  metals  which  are  chemically  most  active  aic 
included  in  this  group,  and  the  activity  increases  with  rising  sUmt 
weight,  caesium  being  the  most  active  positive  element  of  alL  A 
freshly  cut  surface  of  any  of  these  metals  tarnishes  by  oxidation  tf 
soon  as  it  is  exposed  to  the  air.  All  of  these  metals  decompoa 
water  violently  (c/.  p.  66),  liberating  hydrogen.  The  hydrozida 
which  are  formed  by  this  action  are  exceedingly  active  bases,  thst 
is  to  si\y,  they  give  a  relatively  large  concentration  of  hydroxide-ion 
in  s^^lutions  of  a  given  molecular  concentration  (p.  229).  In  the  dn* 
form  these  hydroxitles  are  not  decomposed  by  heating,  while  the 
hydr^>xides  of  all  other  metals  lose  water  more  or  less  easily.  In  all 
their  comp^^unds  the  metals  of  the  alkalies  are  univalent. 

The  compounds  of  ammonium  will  be  discussed  in  connection 
with  those  of  potassium,  to  which  they  present  the  greatest  resem- 
blance. 

The  st>lubilities  are  often  decisive  factors  in  connection  with  the 
preparation  and  use  of  salts.  The  reader  will  find  most  of  these  in 
the  table  on  the  inside  of  the  cover,  at  the  front  of  this  book,  or  in  the 
diagram  on  p.  104,  and,  as  a  rule,  the  values  will  not  be  repeated  in 
the  descriptive  paragraphs. 

Potassium. 

Occurrence^  —  Silicates  containing  potassium,  such  as  feldspar 
and  mica  (p.  «)4vS),  are  constant  constituents  of  volcanic  rocks. 
These  minerals  are  not  used  commercially  as  sources  of  potasaum 
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compounds.  The  salt  deposits  (see  below)  contain  potassium 
chloride,  alone  (sylvite)  and  in  combijiatioQ  with  other  salts,  and 
most  of  the  compounds  of  potassiura  are  manufactured  from  this 
material.  Part  of  our  potaaaum  nitrate,  however,  is  purified  Bengal 
saltpeter  (p.  292).     Potassium  sulphate  occurs  also  in  the  salt  layers. 

Prrparaiion.  —  Potassium  was  first  made  by  Davy  (1807)  by 
bringing  the  wires  from  a  battery  in  contact  with  a  piece  of  moist 
potassium  hydroxide.  Globules  of  the  metal  appeared  at  the  nega- 
tive wire.  Electrolytic  processes  have  just  come  into  use  commer- 
cially, molten  potassium  chloride  being  the  substance  decomposed. 
Castner's  reduction  process  involves  the  heating  of  potassium  hy- 
droxide with  a  spongy  mass  which  is  essentially  a  carbide  of  iron 
(CFe,).    The  latter  is  made  by  heating  together  pitch  and  iron  filings: 

6K0H  -I-  2C  —  2K,C0,  -f  3H,  -I-  2K. 
The  potassium  passes  oR  as  vapor,  and  is  condensed. 

FhyHcal  and  Chemical  Properties.  —  Potassium  U  a  silver- 
white  metal  which  melts  at  62,5".  It  boils  at  667°,  giving  a  green 
vapor. 

The  density  of  the  vapor  shows  the  molecular  weight  of  potassium 
to  be  about  40,  so  that  the  vapor  is  a  monatomic  gas.  The  clement 
unites  violently  with  the  halogens,  sulphur,  and  o.xygen.  In  con- 
sequence of  the  latter  fact  it  is  usually  kept  under  petroleum,  an  oil 
which  neither  contains  oxygen  itself,  nor  dissolves  a  sufficient  amount 
of  oxygen  from  the  air  to  f>ermit  much  oxidation  of  the  potassium  to 
take  place.  A  white,  crystaUine  hydiide  KH  is  formed  when  hy- 
drogen is  passed  over  potassium  heated  to  360°.  When  thrown  into 
water  it  gives  potassium  hydroxide,  and  the  hydrogen  is  liberated. 

PotatHium  Chtoritlfi  if f/.^  Sea- water  and  the  waters  of  salt 

lakes  contain  a  relatively  small  proportion  of  potassium  compounds. 
During  the  evaporation  of  such  waters,  however,  the  potassium 
compounds  tend  to  accumulate  in  the  mother-liquor  while  sodium 
chloride  is  being  deposited-  Hence  the  upper  layers  of  salt  deposits 
are  the  richest  in  compounds  of  potassium.  Thus,  at  Stassfurt,  near 
Magdeburg,  there  is  a  thickness  of  more  than  a  thousand  meters  of 
common  salt.  Abovo  thi^  arc  2B-liO  meters  of  salt  layers  in  which 
'  e  potassium  salts  are  chiefly  found. 
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The  chief  forms  in  which  potassium  chloride  is  found  in  thes: 
beds  are  sylvite  (KCl)  and  camaliite  (KCl,MgCa„6H,0).  Thete 
salt  is  heated  with  a  small  amount  of  water  or  with  a  motle 
liquor  obtained  from  a  previous  operation  and  containing  soia 
and  magnesium  chlorides.  The  magnesium  sulphate  iriuchrl 
contains  as  an  impurity  remains  undissolved.  From  the  eta 
liquid,  when  it  cools,  potassium  chloride  is  deposited  firat  and  tte 
camaliite.  The  former  is  taken  out  and  purified,  and  the  latter  pe 
through  the  process  again.  This  potassium  chloride  is  the  sooi! 
from  which  most  of  our  potassium  hydroxide  and  potassium  ta- 
bonate,  as  well  as  salts  of  minor  commercial  importance  are  msk 
It  is  a  white  substance  crystallizing  in  cubes,  melting  at  about  79f . 
and  slightly  volatile  at  high  temperatures. 

The  Other  Haiides  of  JPotaseiutn*  —  When  iodine  is  heated 
in  a  strong  solution  of  potassium  hydroxide,  potassium  iodate  aai 
potassium  iodide  are  both  formed  (p.  198) : 

6K0H  +  31,  -^  6KH-  KIO,  +  3H,0. 
The  dry  residue  from  evaporation  is  heated  with  powdered  carbon  to 
reduce  the  iodate,  and  all  the  iodide  can  then  be  purified  by  recrr* 
tallization.  Another  method  of  preparation  consists  in  nibbinr 
together  iodine  and  iron  filings  under  water.  The  soluble  ferrouf 
iodide  (Felo)  thus  formed  is  then  treated  with  additional  iodine  szi 
gives  a  substance  Fcjlg,  intermediate  in  composition  between  ferrous 
and  ferric  iodides.  This  is  also  soluble.  When  potassium  car- 
bonate is  added  to  the  solution,  a  hydrated  magnetic  oxide  of  iron 
is  precipitated,  carbon  dioxide  escapes,  and  evaporation  of  the 
filtered  solution  gives  potassium  iodide: 

Fe,l,  +  4K,C03  +  4H3O  ->  SKI  +  FejCOH),  +  4CO,. 

The  salt  forms  large,  somewhat  opaque  cubes  (m.-p,  623**).  It  is 
used  in  medicine  and  in  photography  (^.r.). 

Potassium  bromide  KBr  may  be  made  in  either  of  the  ways  used 
for  the  iodide.  It  crystallizes  in  cubes.  It  is  used  in  medicine  and 
for  precipitating  silver  bromide  in  making  photographic  plates  (^.r.). 

The  fluoride  of  potassium  KjFj  may  be  obtained  by  treating  the 
carbonate  or  hydroxide  with  hydrofluoric  acid.  It  is  a  deliquescent. 
white  salt.  When  treated  with  an  equi-molec\ilar  quantity  of  hydro- 
fluoric acid  it  forms  potassiom-hydroffen  fluoride  KHF,,  a  white  salt 
which  is  also  very  soluble. 
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»§i  Fotasgium  Hydroxide  KOH.~  This  compound,  known  also  as 
fa-f""-  potuh,  and  sometimes  as  potas^um  hydrate,  waa  formerly 
,^/nade  entirely  by  boiling  pota^ium  carbonate  with  calcium  hydrox- 
l^l^de  suspended  in  water  (milk  of  lime) : 


■  *C*COH),(HoUd)  f 


±20H'-i-Ca"i_^p, 
±2K-+C0,"**-*^ 


The  operation  is  conducted  in  iron  vessels,  because  porcelain,  being 
composed  of  silicates,  interacte  with  solutions  of  bases.  On  account 
of  the  very  limited  solubility  of  the  calcium  hydroxide  (0.17  g.  in 
100  g.  Aq),  the  water  takes  up  freah  portions  into  solution  only  when 
the  part  dissolved  has  already  undergone  chemical  change.  The 
calcium  carbonate  which  is  precipitated  is,  however,  still  more 
insoluble  (0.0013  g.  in  100  g.  Aq)  than  is  the  hydroxide,  and  hence 
the  action  goes  forward.  After  the  precipitate  has  settled,  the 
potassium  hydroxide  is  obtained  by  evaporation  of  the  clear  liquid, 
K-  +  OH'  —  KOH. 

Recently  much  potassium  hydroxide  has  been  manufactured  by 


h  Cn 


eiectrolj'tic  processes.  When  a  solution  of  potassium  chloride  is 
electrolysed,  chlorine  is  lil>erated  at  the  anode,  and  hydrogen  and 
potassium  hydroxide  at  the  cathode.  Theee  two  sets  of  products 
must  be  kept  apart,  since  by  their  interaction  potassium  hypochlorite 
and  potassium  chloride  would  be  formed  (c/.  p.  189).  In  the 
Castner-Kellner  apparatus  (Fig.  62) ,  which  sen-es  for  making  either 
potassium  or  sodium  hydroxide,  the  two  end  compartments  are 
filled  with  potassium  chloride  solution  (or  brine)  and  contain  the 
graphite  anodce.     The  central  compartment  contiuns  potassium 


beneath  the  partitions,  &nd  a  slight  rocking  motion  gi 
by  the  cam  (C)  causes  the  amalgam  to  flow  beloir  the 
the  central  compartment.  Here  the  sodium  leaves  t 
the  form  of  sodium  ions  and  is  attracted  by  the  ca 
this,  hydrogen  from  the  water  is  discharged,  and 
hydroxide-ion,  together  with  the  metal-ion,  constitui 
or  sodium  hydroxide: 

2K'  -I-  2H'  +  20H'  -t-20-»  2K*  -I-  20H'  -\ 

A  slow  influx  of  salt  solution  to  the  end  compartmenta, 
of  the  alkaline  solution  in  the  central  cell,  are  mail 
overflowing  liquid  contains  20  per  cent  of  the  alkali. 
no  undecomposed  chloride  present  in  the  part  of  the  ai 
contains  the  hydroxide,  simple  evaporation  to  dryneas 
aoUd  alkali. 

Potassium  hydroxide  is  exceedingly  soluble  in  wate 
quently,  instead  of  being  crystallized  from  aolution, 
residue  from  evaporation  is  cast  in  sticks.  The  hydro: 
deliquescent.  It  also  absorbs  carbon  dioxide  from  tb 
potassium  carbonate.  Solutions  of  the  hydroxide  hav 
ingly  corrosive  action  upon  the  flesh,  decomposing  it 
mass  by  hydrolyzing  the  albuminous  and  other  sub 
solution,  the  base  is  highly  ionized,  furnishing  a  high  e 
of  hydroxidion.    Commercially  it  is  chiefly  employed  ii 


PoUttMum  Chtttrate  KCIO^.  ~  The  preparation  of  this  salt 
•fcy  interaction  of  potassium  chloride  with  calcium  chlorate,  has 
■'already  been  described  (p.  195).  It  is  also  made  by  electrolysis  of 
II  potassium  chloride  solution,  the  potassium  hydroxide  and  chlorine 
w  which  are  liberated  being  precisely  the  materials  required.  All  that 
PB  is  necessarj-  is  to  use  a  warm,  concentrated  solution  and  to  provide 
e  for  the  mixing  of  the  materials  generated  at  the  electrodes.    The 

I  Halt  cr>'stallize3  out  when  the  solution  cools. 

r  Pota-seiuni  chlorate  crystallizes  in  monoclinic  plates.  It  melts  at 
n  about  351",  and  at  a  temperature  slightly  above  this  the  visible 
■  liberation  of  oxygen  begins  (c/.  pp.  55,  196).      On  account  of  the 

II  ease  with  which  its  oxygen  is  liberated,  the  salt  is  employed  In  mak- 
■■    ing  fireworks  and  as  a  component,  along  with  antimony  trisulphide, 

<A  the  heads  of  Swedish  matches.     It  is  also  used  in  medicine. 

Potassium  petcbloiut«  KCIOj,  formed  by  the  heating  of  the  chlorate 
(p.  196),  gives  white  crystals  ijelonging  to  the  rhombic  system. 

The  mode  of  preparing  potassiiun  bromate  KBrO,  and  potaiBium 
iodata  KIOj  has  already  been  descriiied  (pp.  197,  198).  Potassium 
iodate  may  be  made  also  very  conveniently  by  melting  together 
potassium  chlorate  and  potassium  iodide  at  a  low  temperature. 
The  iodate  is  much  less  soluble  (see  Table)  than  the  chloride,  and 
the  mixture  may  be  separated  by  crystallisation  from  water. 

Potaintium  yitrate  £JV'0,.  —  The  formation  of  this  salt  in 
nature  and  its  mode  of  extraction  and  purificatioD  have  already 
been  described  (p.  292).  This  source  of  supply  proved  insufficient, 
for  the  first  time,  during  the  Crimean  war  (1852-55),  and  a  method 
of  manufacture  from  Cliili  saltpeter  (sodium  nitrate),  which  is  a 
much  cheaper  Bubetance.  was  introduced.  Sodium  nitrate  and 
potassium  chloride  are  heated  with  very  little  water,  and  the 
sodium  chloride  produce*]  by  the  oction,  which  is  a  reversible  one, 
isby  far  the  least  solubleof  the  four  salts  (see  Diagram,  p.  104).  On 
the  other  hand,  at  this  temperature,  the  potassium  nitrate  is  by  tar 
the  most  soluble.  Hence  the  hot  liquid  drained  from  the  crystals 
contains  the  required  salt,  and  most  of  the  sodium  chloride  is  in  the 
form  of  a  precipitate.  If  the  solubility  curve  of  potassium  nitrate 
(p.  104)  is  examined,  it  will  be  seen  that  this  salt  is  but  slightly 
soluble  in  cold  water,  and  hence  most  of  it  is  deposited  when  the 
solution  cools.    The  crystals  are  mixed  with  little  sodium  chloride, 
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for,  as  the  curve  shows,  common  salt  is  little  less  soluble  at  lOP  ds  I 
it  is  at  100°. 

Potassium  nitrate  gives  long  prisms  belonging  to  the  riuniibicnfr 
tem  (Fig.  63).    It  melts  at  about  340^,  and  when  more  stroBJiy 

heated  gives  off  oxygen,  leaving  potaaaum  nitxik 
(p.  299).  Although  it  does  not  form  a  hydnit 
the  crystals  inclose  small  portions  of  the  mothe- 
liquor,  and  consequently  contain  both  water  ml 
impurities.  When  heated,  the  crystals  fly  ^ 
pieces  explosively  (decrepitate),  on  account  of  the 
vaporization  of  this  water.  Many  substances  wludi 
form  large  crystals  and  do  not  melt  at  a  low  tCB- 
perature,  behave  in  the  same  way  and  for  the  same 
reason.  In  consequence  of  this,  the  purest  sih 
is  made  by  violent  stirring  of  the  solution  durinj 
the  operation  of  crystallization,  the  result  being 
the  formation  of  a  crystal-meal. 
Fig.  es.  Potassium  nitrate  is  used  chiefly  in  the  manu- 

facture of  gunpowder,  which  contains  75  per  cent 
of  the  highly  purified  salt.  The  other  components  are  10  per  cent 
of  sulphur,  14  per  cent  of  charcoal,  and  about  1  per  cent  of  water. 
The  ingredients  are  intimately  mixed  in  the  form  of  paste,  and  the 
material  when  dry  is  broken  up  and  sifted,  grains  of  different  sixes 
being  used  for  different  purposes.  The  chemical  action  which 
takes  place  when  gunpowder  is  fired  in  an  open  space  gives  chiefly 
potassium  sulphide,  carbon  dioxide,  and  nitrogen: 

2KNO3  +  3C  +  S  ->  KjS  +  SCO,  +  N,. 

The  explosion  occurring  in  firearms  follows  a  much  more  complex 
course,  and  half  of  the  solid  product  is  said  to  be  potassium  carbonate. 
The  pressure,  at  the  temperature  of  the  explosion,  if  the  gases  could 
be  confined  within  the  volume  originally  occupied  by  the  gunpowder, 
would  reach  about  forty-four  tons  per  square  inch.  In  recent  yean 
common  gunpowder  has  been  displaced  largely  by  smokeless  powdm, 
of  which  substances  related  to  gun-cotton  (pp.  294,  301)  are  the 
chief  components. 

I^otasHutn  CarbinuUe  KzCO^ — This  salt  is  manufactured  from 
potassium  chloride,  from  the  Stassfurt  deposits.    The  chloride  is 


sated  with  magnesium  carbonate  (magnesite),  water,  and  carbon 
dioxide  under  pressure: 
,»2KCI  +  3MgC0,  +  CO,  +  5H,0  —  2KHMg{CO,)„4H,0  +  MgCl,. 

The  bydrated  mixed  salt  is  separated  from  the  liquid  containing 
,  magnesium  chloride  and  decomposed  by  beating  with  water  at  120°. 
The  product  is  a  solution  of  potassium  carbonate,  from  which  the 
precipitated  magnesium  carbonate  is  removed  by  filtration.  In 
some  districts  potassium  carbonate  is  stlU  extracted  from  wood- 
ashes. 

This  salt  is  usually  sold  in  the  form  of  an  anhydrous  powder  (ra.-p. 
over  1000°).  When  cryatalliied  from  water  it  gives  a  hydrate 
^  ZK^COjiSHjO.  It  is  deUquescent.  It«  aqueous  solution,  like  that 
''  of  sodium  carbonate  (c/.  p.  353),  baa  a  marked  alkaline  reaction. 
'^  The  commercial  name  of  the  substance  is  p««rl  uh.  It  is  used  in 
'  making  soft  soap  and  hard  gloss.  It  is  also  employed,  by  interaction 
'   with  acids,  in  making  salts  of  potassium. 

Potassium  Cyanide  KJfC.  —  This  salt  is  made  by  heating 
together  dry  potassium  ferrocyanide  (.q.v.)  and  potassium  carbonate. 
The  ferrocyanide  acts  as  if  it  were  a  mixture  of  potassium  cyanide 
and  ferrous  cyanide:  K,Fe(CN),  -.  4KCN  +  Fe(CN),.  The  "latter, 
by  interaction  with  the  potassium  carbonate,  would  give  potassium 
cyanide  and  ferrous  carbonate,  but  this  in  turn,  is  decomposed  by 
heat  into  ferrous  oxide,  which  is  insoluble,  and  carbon  dioxide: 
K.Fe(CN).  +  KjCO,  -  6KCN  +  FeO  +  CO,. 

When  the  residue  is  extracted  with  water,  only  the  potassium 
cyanide  dissolves,  and  it  ia  easily  crystallized  in  pure  form  from  the 
solution. 

Potassium  cyanide  ia  extremely  soluble  in  water,  and  is  therefore 
deUquescent.  Its  poisonous  qualities  are  equal  to  those  of  hydro- 
cyanic acid.  The  acid  is  so  feeble  as  to  be  liberated  both  by  the 
moisture  and  by  the  carbon  dioxide  of  the  air,  and  hence  this  salt 
always  has  an  odor  of  hydrocyanic  acid.  Potassium  cyanide  is  used 
in  electroplating  (q.v.).  and  in  extracting  gold  (i/.v.)  from  Us  ores. 

The  preparation  of  potuiinm  cyanatA  KCNO,  a  white,  easily 
soluble  salt,  and  of  potuaiam  thioc^anata  KCNS,  a  white,  doHquesoent 
salt,  have  already  been  described  (p.  336). 
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I%e  Smipikmie  ««mI  Bismiphatem  —  Potaaaiuin  suIphsieS^I 
2$  A  .va5::vjer.;  of  several  double  salts  found  in  the  Stuscn: 
Kw    1:   :<  e3nract«i  from  ifihowiite    MgSO4,K^^6Hj0 
It*   Mi:ik\.McCL,K-S0,.6H,0.      The    former  is  treated 
rv^:j«5£un:  vh^>nie  and  comparatively  little  water,  wliereqKts] 
rKA;:\^ly  :rA.\uble  poi^issium  sulphate   ciystallixes  out,  ind' 
:v,iwcrx^u:r.  ^•hi.^rI.ie  i>Mnains  in  the  mother-liquor.    The  cns*l 
NK!\".rj:  Tx^  :he  rhor3io  system,  contain  no  water  of  crystaHiiiBt 
A:^i  r.^1:  a:  :.W*\     This  salt  is  employed  in  preparing  ahimi^-l 
A:i,i    :s   :v.v.:h    u?od  as   a   fertUiMr.     Since    plants   take  up* 
:,.:.,-..<  :>-.  ,;ch  :he:r  cell  walls,  they  can  absorb  soluble compooj 
.^r.:^ ,     I^.ey   a:v.  :ho:viore.  dependent,   for  the  potassium  «^l 
iv^;::^.:?  wh::h  ;hoy  require,  upon  the  weathering  out  of  sohi* 
:v*:.v^v,:v.  ^v:r.:vur*.i<  from  insoluble    silicates  containing  po» 
s  ."■  ^:\  .-4>    f.^ur..;  in  the  soil.    The  weathering  takes  ^acetcc 
sl,M\*y  tx''  f,:r:*.:sh  a  >;i:!ioieiit  supph'  for  many  crops   particultfj] 
::'.a:   o:    :V.;^  sucAr-lnxn.      Hence  potassium    sulphate  is  miac! 

Ptf^us*:ura^!;r«iK««n  sulphate  vl^i^ulphate)  KHSO4  w  made  by  * 
;•.-::.>:*.  0:  >v.*;^*:*.ur:^*  A»::*i  up^^n  potassium  sulphate:  KJSO  +  HJSOj- 
J'KUn.'*.  1:  ;ry<:i\''.i:os  fri.^:n  water,  in  which  it  is  very  soluUe.s! 
::;Vv/.;\r  v"-><:a*n.  1:>  p:\^:y»rties  are  similar  to  those  of  sodiu; 
.,<;:>/:*. :;:o  \v:*..s**::  ::ayo  rvlrva^iy  been  described  (p.  265). 

SHJphuits  of  Vt^ossiMm.  —  By  the  treatment  of  a  solutionc! 
iv^:a>s:v.:v.  ■>  s;r.^\:.;o  \\::h  oxooss  of  hydrogen  sulphide  a  solution-:^ 
pouuium^wlxxVNi  $ulphide  is  obT:\ineti.  Evaporation  of  the  sob 
:iv^!\  cvos  :i  vio'.iv;;:e>^vr.t.  Sv^liJ  hydrate  2KHS,H20.  WTien  tbe 
Sv^4Vi:iv^!\,  IvtVrt^  ovaivration.  is  treateil  with  an  equivalent  amouc' 
N^f  [vtiissiuin  !\^\:^v^\i.io,  aiul  the  water  is  driven  off,  the  an^ihidi 
K.S  roniaiiis  Ix^iiiiui  v^'*.  p.  -00^ : 

KHS  -  KOH  ;=^  K;S  -f  H,0. 

Considerable  amounts  of  sulphur  can  be  dissolved  in  solutions  of 
either  of  these  sulphides.  By  evaporation  of  the  resulting  vellow 
liquids,  various  polyaulpbidot  have  been  obtained.  To  some  of  these 
have  lH»en  :isoril^l  the  fonnulae  K^S,,  K^S^.  and  KjSj  (c/.  p.  255). 
Similar  substances  are  produced,  as  a  result  of  the  liberation  and 


mbinaUoQ  of  sulphur,  when  the  solutions  are  exposed  to  the 
Uing  action  of  the  air: 

2KHS  +  0,  -.  2K0H  +  2S. 
tertifs  of  I'otaiiiiluni-ion  Jd  Analytical  Jteactiann, — ^The 
hive  ionic  material  of  the  potaflsium  salts  is  a  colorlesa  substance. 
Elites  with  all  negative  iona,  and  most  of  the  resulting  compounds 
pairly  soluble.  For  its  recognition  we  add  solutions  containing 
i  ions  which  give  with  it  the  least  soluble  salts.  Thus,  with 
roplatinic  acid  H,PtOt,  it  ^ves  a  yellow  precipitate  of  potassium 
roplatinate  K^PtCI,.  Since  nearly  one  part  of  this  salt  dissolves 
0  parts  of  water,  the  test  is  far  from  being  a  delicate  one.  Picric 
I  (p.  294)  pves  potassium  picrate  KC,H3(N0,),0,  which  is  much 
__8  soluble  in  water  (U.4  parts  in  100  at  15°).  Perchloric  acid  and 
oydrofiuosilicic  acid  likewise  give  somewhat  insoluble  salts  of  potas- 
sium. PotuBittm-bfdrogen  tartrate  KHC,H,0«  is  precipitated  by 
'the  addition  of  tartaric  acid  to  a  sufficiently  concentrated  solution 
of  a  potassium  salt.  The  neutral  tartrate  KjCiH^O,  is  much  more 
soluble.  The  latter  may  be  obtained  by  treating  the  precipitate 
with  a  solution  of  potafisiuni  hydroxide.  Addition  of  an  acid  to 
this  solution  causeti  re  precipitation  of  the  bitartrate. 

A  much  more  delicate  test  for  the  recognition  of  a  pota£»um  com- 
pound consists  in  the  examination  by  means  of  the  spectroscope  of 
the  light  given  out  by  a  Bunsen  flame,  in  which  a  little  of  the  salt  is 
held  upon  a  platinum  wire.  When  the  amount  of  potassium  is  con- 
siderable, and  no  other  substance  which  would  bkewise  color  the 
fiame  is  present  to  mask  the  effect,  the  violet  tint  is  recognisable 
by  the  eye. 

RubMium  and  Caealum.  —  In  1860  Bunsen  discovered  several 
new  lines  in  the  spectrum  given  by  materials  derived  from  the  salts 
in  Diirkheim  mineral  water.  Two  new  elements  of  the  alkali  group 
were  found  to  cause  their  presence,  and  were  named,  from  the  colors 
of  the  lines  which  they  gave,  rubidium  (red)  and  caesium  (blue). 
Rubidium  is  obtainable  with  relative  ease  from  the  mother-liquors 
of  the  Staasfurt  works. 

The  metals  may  be  obtained  by  heating  their  hydrondes  with 
magnesium  powder.  The  hydroxides  of  these  two  elements  are 
more  active  than  potassium  hydroxide.  Their  salts  are  very  much 
like  those  of  potassium. 
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'..',/.',-':  •  .'.^:  >/. .  - ■ .  '.  r, '.** .  : z.  evj.pt: ri - : z-  *"  "^^■■■inm  bicarbani 
'*:i^'r//j^.  "/:..'  .-  i  "  .-..-A  'T^.-stillirje  =il:  Tii^h  is  f&irly  stable 
* .'. ';  '.; '. , :. ;; ,-  '  Vr  -;.  :>:.-  i* :  .-^ .  I:  L  i= .  i:  I  —ever,  a  faint  odor  of  a 
.',',',. '..;i  ;i.'.';  ,*-  '-.-y/;ij.*i-..i  r^c::r.es  verv  ripii  when  slight  heat 
t.;,;,..t.':.  V.';,f::.  ;i  -a!  ;*:or:  c:  :rii?  silt  15  treated  with  ammonia 
h/';."//.';':^  •.;.';  neutral  carbonate  XH^  :C0,  is  formed.  Bui  thisss 
y/h<T/i  ]*:?♦,  jfj  ;i:.  o;/::*  vo?isf:i,  loses  aniinonia  very  rapidly,  and  lea^ 

Arnrriz/nlam  thiocyanate  XH^NX'S  'V/.  p.  179)  is  a  white  salt  wt 
hri'h:  s'.o/nii  fif;[;li /ration  in  analysis. 

Affirrii/nium  iulphate  (S}i^)jH()^  is  a  white  salt  which  is  used  chie 
hi*,  n  U'tiWht'T.  \',y  f;lf;ctroly.si.s  of  a  concentrated  solution  of  t 
blNulphaU  NIIJISO^,  arnnioniurn  persulphate  (XH^)^©^,  which 
li'.M  noliilili*,  JM  formed  awl  crystallizes  out  (c/.  p.  267), 

tioliiliniifi  of  ammonium-hydrogen  sulphide  XH^HS  and  ^-m^^ynf^ 
■ulphiitfi,  (Nll4),iS,  made  by  i)assinK  hydrogen  sulphide  gas  ir 
iiitiiiiiMiiiiin  liydro\id(\  aro  much  used  in  analysis.  The  sulphide 
filiiiuMt  rumplolrly  liy<lrolyzcd  by  water  into  the  acid  sulphide  a 
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ammonium  hydroxide,  its  behavior  being  like  that  of  sodium 
sulphide  (p.  253) : 

'^  2  NH,  +  H^  i=i  (NH  J^  fc*  2  NH/  +  S''  L    „,., 

It  is  used  for  the  precipitation  of  sulphides,  such  as  zinc  sulphide, 
which  are  insoluble  in  water.  Although  the  S^'  ions  are  not  numer- 
ous at  any  moment,  disturbance  of  the  equilibriimi  by  their  removal, 
when  they  pass  into  combination,  causes  displacements  which  result 
in  the  generation  of  a  continuous  supply.  The  liquid  smells  strongly 
of  ammonia  and  hydrogen  sulphide,  on  account  of  the  dissociation 
of  the  parent  molecules  by  reversal  of  the  above  equilibria. 

The  solutions,  when  pure,  are  colorless.  They  dissolve  free  sulphur, 
giving  yellow  polysulphides  similar  to  those  of  potassium  (p.  368). 
The  same  yellow  substances  are  also  obtained  by  gradual  oxidation 
of  ammonium  sulphide  when  the  solution  of  this  salt  is  allowed  to 
stand  in  a  bottle  from  which  the  air  is  imperfectly  excluded. 

Amnumiufn  Amalgam.  —  When  a  salt  of  ammonium  is  decom- 
posed by  electrolysis  the  NH4',  upon  its  discharge,  ordinarily  gives 
ammonia  and  hydrogen,  and  no  substance  NH4  is  obtained.  If, 
however,  a  pool  of  mercury  is  used  as  the  negative  electrode,  the  NH4 
forms  an  amalgam  with  it,  and  there  seems  to  be  no  doubt  that  this 
substance  is  actually  present  in  solution  in  the  mercury.  While  the 
amalgam  is  being  fortned  it  swells  up  and  gives  off  the  decomposi- 
tion products  above  mentioned,  so  that  the  existence  of  the  sub- 
stance is  only  temporary.  The  same  material  may  be  obtained  by 
putting  sodium  amalgam  into  a  strong  solution  of  a  salt  of  ammonium. 
The  action  is  a  displacement  of  one  ion  by  another  (p.  243) : 

Na(dslvd  in  mercury)  +  NH/  — >  NH4(dslvd  in  mercury)  +  Na*. 

This  behavior  is  interesting  since  it  is  in  harmony  with  the  idea  that 
ammonium,  if  it  could  be  isolated,  would  have  the  properties  of  a 
metal.  Substances  other  than  metals  are  not  miscible  with 
mercury. 

Am^maniumHtm  NH^:  Analytical  ReacHans. — Ionic  ammo- 
nium is  a  colorless  substance.  It  imites  with  negative  ions,  giving 
salts,  which,  in  the  majority  of  cases,  are  soluble.  Ammonium 
chloroplatinate  (NH4),PtCl^,  and  to  a  less  extent  ammonium-hydro- 


372  COLLEGE  CHBMISTRT 

gen  tartrate  NH4HC4H40e,  are  insoluble  compounds,  and  their  p 
cipitation  is  used  as  a  test.  The  surest  means  of  recxignisinfama:- 
nium  compoimds,  however,  consists  in  adding  a  soluble  base  to  a 
substance  (c/.  p.  283).  The  ammoniimi  hydroxide  which  is  ib 
formed,  gives  off  ammonia,  and  the  latter  may  be  detected  brt 
odor. 

Exercises.  —  1.  What  kind  of  metals  -will,  in  general,  inteic 
with  solutions  of  bases  (c/.  p.  356)? 

2.  Why  should  a  mixture  of  potassium  chlorate  and  antimoc 
trisulphide  be  explosive? 

3.  How  should  you  set  about  making,  (a)  a  borate  of  potaMDH 
(6)  potassium  pyrophosphate,  (c)  ammonium  nitrite,  (d)  ammooia 
chlorate,  (e)  ammonium  iodide? 


"I 
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CHAPTER  XXXIV 


SODIUM  AND  LITHIUM.    lOHIO  aQUIUBBIUM  00N8ID1BID 
^^  QUANTITATIVELY 

H      Sodium  chloride  forms  more  than  two-thirds  of  the  solid  matter 

dissolved  in  sea-water,  and  the  great  salt  deposits  are  largely  com- 

H  posed  of  it.    Sea-plants  contain  sodium  salts  of  organic  acids,  just 

i^  as  land-plants  contain  potassium  salts.    Chili  saltpeter,  cryolite, 

and  albite  (a  soda  feldspar)  are  important  minerals. 

PreparcUian.  —  Sodium  was  first  made  by  Davy  (1807)  by 
electrolysis  of  moist  sodium  hydroxide.  It  is  manufactured  by 
Castner's  process,  which  is  used  also  for  potassium  (p.  361),  and 
by  the  electrolysis  of  fused  sodium  hydroxide  by  a  method  likewise 
invented  by  Castner.  In  the  latter  case  the  negative  electrode  pro- 
jects through  the  bottom  of  the  iron  vessel  containing  the  fused 
hydroxide.  This  electrode  is  surrounded  by  a  wire-gau25e  partition, 
which  is  surmounted  by  a  bell-shaped  vessel  of  iron.  The  positive 
electrode  is  an  iron  cylinder  surrounding  the  gauze.  The  sodium 
and  hydrogen  liberated  at  the  cathode,  being  lighter  than  the  fused 
mass,  ascend  into  the  iron  vessel,  imder  the  edge  of  which  the  hydro- 
gen escapes.    Oxygen  is  set  free  at  the  anode. 

Properties.  —  Sodium  is  a  soft,  shining  metal,  melting  at  95.6® 
and  boiling  at  742®.  The  vapor  is  a  monatomic  gas.  The  general 
chemical  properties  have  already  been  given  (p.  360).  The  metal 
unites  with  hydrogen  to  form  a  hydride  NaH,  which  resembles  potas- 
sium hydride  (p.  361).  The  amalgam  with  mercury  when  it  contains 
more  than  a  small  amount  of  sodium,  is  solid,  and  probably  contains 
one  or  more  compounds  of  the  two  elements.  This  amalgam  is 
often  used  instead  of  the  metal  sodium,  since  the  dilution  or  combina- 
tion with  mercury  makes  the  interactions  of  the  metal  more  easUy 
controllable.  Sodium  is  used  in  the  manufacture  of  many  complex 
carbon  compounds  which  are  employed  as  drugs  and  dyes. 

373 
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Sodium  Chloride  NaCl.  —  Common  salt  is  obtained  from  t» 
salt  deposits  of  Stassfurt,  Reichenhall  (near  Salzburg),  in  Qx^ 
at  Syracuse  and  Warsaw  in  New  York,  at  Salina  in  TvAwgftii  in  UtiL 
California,  and  many  other  districts.  Natural  brines  are  obbiw! 
from  wells  in  various  parts  of  the  world.  Since  the  salt  can  aeUs 
be  used  directly,  on  account  of  impurities  which  it  contains, it's 
purified  by  recrystallization  from  water.  Natural  brines  wfaidiff 
sometimes  dilute,  are  often  concentrated  by  dripping  over  extoan 
ricks  composed  of  twigs.  When  the  resulting  brine  is  allowed  tc 
evaporate  slowly  by  the  help  of  the  sun's  heat,  large  crystals,  solds 
"  solar  salt,"  are  obtained.  By  the  use  of  artificial  heat  and  stirriii 
smaller  crystals  of  greater  purity  can  be  secured.  Salt  intended  foe 
table  use  must  be  freed  from  the  traces  of  magnesium  chloride  (fr.l 
present  in  the  original  brine  or  deposit,  for  this  impurity  causes  it  tf 
absorb  moisture  more  vigorously  from  the  air.  The  purest  salt  for 
chemical  purposes  is  precipitated  from  a  saturated  solution  of  sah 
by  leading  into  it  hydrogen  chloride  gas.  Explanation  of  this  cffert 
will  be  given  presently  (see  pp.  385-387). 

Common  salt  crystallizes  in  cubes,  the  faces  of  which  are  usualh 
hollow.  The  crystals  decrepitate  (p.  366)  when  heated  and  mrt 
at  about  S2()°.  Common  salt  is  the  source  of  all  sodium  compound? 
with  the  except i()n  of  the  nitrate.  From  it  come  also  most  of  the 
chlorine  and  hydrogen  chloride  used  in  commerce. 

Thr  Hf/droxUfe  and  Oxides.  —  Sodium  hydroxide  NaOH  called 
als(>.  oollo(iuially,  caustic  soda,  is  prepared  by  the  action  of  slaket: 
lime  ui>on  sodium  car]>onatc,  and  by  the  electrolysis  of  a  solution  o: 
stvlium  chloride,  in  both  oases  precisely  as  is  potassium  hvdroxide 
q>.  \M>.\),  Sodium  hytlroxide  is  a  highly  deliquescent  substance. 
Its  jn»neral  ehemiral  pn)j)erties  are  identical  with  those  of  potassiun 
hydn>xide.  It  is  us(nI  in  the  manufacture  of  soap,  in  the  preparation 
of  pa|MT  pulp,  and  in  many  other  chemical  industries. 

Sodium  peroxide  Xa.O.  is  made  by  heating  sodium  at  300-400^  in 
air  whi(»h  has  Ixvn  freed  from  carbon  dioxide.  This  oxide  is  the 
Hodium  salt  of  hydn>pen  peroxide.  When  thrown  into  water  it 
divonnv>s«*s  in  part,  in  consequence  of  the  heat  developed,  giving 
sodimn  hydn>xide  and  oxygen.  With  careful  cooling,  howe\'er 
niurh  *>f  it  can  1h*  dissolved.  Rv  interaction  with  acids  it  \neld5 
hydn>giM)  {H'roxide  (p.  211).    Sodium  peroxide  is  now  used  com- 


BTcially  for  oxidizing  and  bleaching.    The  ordinary  aodloin  oxide 
nftjO  is  made  in  the  same  way  as  is  potassium  oxide  (p.  364). 

■»fc  The  yurate  and  XUrite.  —  The  occurrence  and  purification 
^of  Bodium  nitrate  N'aNO,  have  already  been  described  (p.  292).  It« 
crystals  are  of  rhombohedral  form  (Fig.  9,  p.  9).  This  salt  is  one 
of  the  best  of  fertilizers,  since  it  furnishes  to  plants  the  nitrogen 
whicrh  they  require  in  a  very  easily  absorbed  form.  It  is  uaed  also 
in  the  manufacture  of  potassium  nitrate,  and  of  nitric  acid. 

Sodium  nlirit*  NaNO,  is  formed  by  heating  sodium  nitrate  with 
metallic  lead  aad  recrystallizing  the  product  (p.  299). 

Manufacture  of  Sodium  Carbonate.  —  Natural  sodium  carbon- 
ate is  found  in  Egypt  and  in  other  parts  of  the  world.     At  Owen's 


Lake,  California,  it  is  secured  by  solar  evaporation  of  the  water. 
The  sesquicarbonate  Na,C0„NaHCO„2H,O,  being  the  least  soU 
uble  of  the  carbonates  of  sodium,  is  the  one  deposited.  Locally, 
small  quantities  of  sodium  carbonate  are  etil!  made  by  the  burning 
of  sea-weed.  The  substance  is  manufactured  from  sodium  chloride 
in  two  ways,  namely  by  the  Le  Blanc  process  and  by  the  Solvay 
process. 

The  Le  BUne  process  (1791)  involves  three  chemical  actions.  In 
the  first  place,  sodium  chlondo  is  treated  with  an  equivalent  amount 
of  sulphuric  acid  in  a  large  cust'iron  or  earthenware  pan.    The 


contuning  running  water  in  which  it  is  absorbed.     T 

third  actions  which  follow  are  conducted  in  one  ope 
consist  in  the  reduction  of  the  sodium  sulphate  by  meai 
coal  and  the  interaction  of  the  resulting  sulphide  ol 
chalk  or  powdered  limestone: 

Na,SO,  +  2C  —  Na^  +  2(X)„ 
Na^'  +  CaCOj  -.  Na,COj  +  CaS. 

In  the  less  modern  factories  the  salt-cake,  limestone 
Btirrod  upon  the  hearth  of  a  reverberatory  furnace  ai 
hand.  The  matcrifil  is  finally  collected  into  balls,  and 
action  is  recognized  by  the  fact  that  bubbles  of  cart 
begin  to  force  their  way  to  the  surface  and  cause  litti 
Rame.  The  gas  is  produced  by  the  action  of  the  o 
calcium  carbonate,  excess  of  both  of  these  substances  t 
CaCOj  +  C  ^  CaO  +  2C0.  The  production  of  this 
porous  texture  to  the  material,  which  facilitates  the  sc 
sodium  carbonate  in  the  final  stage.  The  porous  ppo< 
black-ash.  In  modem  factories  hand  labor  is  saved  t 
black-ash  furnace  the  form  of  a  rotating  cylinder,  in 
jections  from  the  walls  as^st  in  bringing  about  cotnple 
the  materials  during  the  action. 

The  black-ash  varies  very  much  in  compoation.  I 
contuns  45  per  cent  of  sodium  carbonate,  30  per  cen 
sulphide,  10  per  cent  of  calcium  oxide,  and  a  number  of 
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.^black-ash  by  a  systematic  treatment  of  the  ash  with  water.    The 

n'^ash  is  placed  in  a  series  of  vessels  at  different  levels,  and  a  stream  of 

^j  water  (30-40°)  flows  from  one  vessel  to  another,  until,  when  it  issues 

—  from  the  last,  it  is  completely  saturated  with  sodium  carbonate. 

When  the  material  in  the  first  of  the  vessels  has  Been  exhausted,  the 

i  water  is  allowed  to  enter  the  second  vessel  directly,  and  a  vessel 

t  contidning  fresh  black-ash  is  added  at  the  lower  end  of  the  series. 

2  In  this  way  the  most  nearly  exhausted  ash  comes  in  contact  with 

I  pure  water,  which  is  in  the  best  position  to  dissolve  the  remaining 

sodium  carbonate  rapidly,  while  the  fresh  black-ash  encounters  a 

solution  already  almost  at  the  point  of  saturation. 

The  saturated  solution  is  evaporated  in  shallow  pans  placed  on  the 
flues  of  the  furnaces,  and  the  monohydrate  NajCO,,!!^©,  which 
crystallizes  from  the  hot  liquid,  is  raked  out  and  dried  by  heat, 
leaving  calcined  soda.  When  this  material  is  recrystallized  from 
water  and  is  allowed  to  deposit  itself  from  the  solution  at  the  ordi- 
nary temperature,  the  decahydrate  Na2CO3,10H3O,  soda  crystals  or 
washing  soda,  appears. 

The  solid  residue  from  the  extraction  of  the  black-ash  is  known  as 
tank  waste,  and  contains  35-55  per  cent  of  calcium  sulphide.  This 
material  contains  the  sulphur  of  the  original  sulphuric  acid,  and  its 
treatment  involves  a  problem  of  some  diflBculty.  If  it  is  dumped 
near  the  factory  the  sulphur  is  lost,  and  by  slow  weathering  yellow 
solutions  containing  polysulphides  flow  from  the  decomposing  heap 
into  the  streams,  and  offensive  odors  of  hydrogen  sulphide  fill  the 
air.  The  most  effective  process  for  the  recovery  of  the  sulphur  and 
consequent  abatement  of  this  nuisance  is  that  of  Chance.  The 
product  is  arranged  in  a  series  of  cylinders  through  which  is  passed 
carbon  dioxide  from  a  kiln  of  special  form.  The  hydrogen  sulphide 
liberated  in  the  first  cylinder  forms  the  acid  sulphide  with  the 
material  contained  in  the  second: 

2CaS  +  COj  -f  H,0  -►  Ca(SH),  -f  CaCO,. 

The  further  action  of  the  carbon  dioxide  on  this  product  gives,  finally, 
a  mixture  of  gases  containing  a  larger  proportion  of  hydrogen  sul- 
phide. By  burning  this  mixture  with  a  Umited  supply  of  air,  the 
sulphur  is  then  secured  in  free  condition: 

2H,S  -h  O,  -*  2H,0  -f  2S. 

About  70,000  tons  of  sulphur  are  thus  recovered  annually. 


Sodinm  tebabonta  NajB^O^lOHjO  (bonx)  forn 
parent  prisms.  When  heated  it  loses  watw,  and  I< 
fusible  anhydrous  salt  in  glassy  form.  Its  source 
been  discussed  under  borates  (p.  350).  It  is  used  i 
in  glazes  for  porcelain,  in  soldering,  for  bead  reactJc 
for  preserving  food. 

Sodium  matssllieato  Na^iO,  (cf.  p.  346)  is  used  1 
wood  and  other  materials,  and  for  preserving  ega 
is  moistened  with  it  and  pressed  in  molds,  forms, 
serviceable  artificial  stone. 


Il 


Properties  of  Sodiutn-Um :  Analytical  XvacHt 

ion  Na'  is  a  colorless  ionic  material  which  unites  wi 
ions.  Practically  all  the  salts  so  formed  are  soluble 
only  ones  which  can  be  precipitated  are  sodium  fluos 
made  by  the  addition  of  hydrofluosilicic  acid  to  a  str 
a  sodium  salt,  and  sodium-hydrogen  pyroantlmonial 
made  by  amilar  addition  of  the  corresponding  potast 
compounds  of  sodium  confer  a  yellow  color  on  the 
but  this  test  is  so  delicate  that  it  is  shown  by  the  tn 
contained  in  almost  all  substances. 

IMMum.  — Lithium  occurs  in  lepidolite  (a  lithia  mi 
gonite,  and  in  other  rare  minerals.  Traces  of  com[ 
elfimftnt  am  fniind  wiHplv  HiffnspH  in  thp  Rnil.  nnfl  on 
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The  metal  behaves  towards  water  and  oxygen  like  sodium  (p.  66). 
\t  unites  directly  and  vigorously  with  hydrogen  (LiH),  nitrogen 
^(lijN),  and  oxygen  (Li^O),  forming  stable  compounds.  The  relative 
^insolubility  (see  Table)  of  the  hydroxide  (LiOH),  the  carbonate 
'(LiaCO,),  and  the  phosphate  (Li3P04,2H30),  is  in  sharp  contrast  to 
'the  easy  solubility  of  the  corresponding  compounds  of  the  other 
alkali-metals,  and  links  lithium  with  magnesium.  The  compounds 
of  lithium  give  a  bright-red  color  to  the  Bunsen  flame.  A  bright- 
red  and  a  somewhat  less  bright  orange  line  are  seen  in  the  spectrum. 
The  carbonate  is  used  in  medicine. 

Ionic  E>3Uilibrium,  Considered  Quantitatively. 

In  view  of  the  predominance  of  ionic  actions  in  the  chemistry  of  the 
metals,  and  of  the  determinative  effect  of  ionic  equilibria  on  many 
actions,  it  is  essential  that  we  should  be  prepared  in  future  for  a 
more  exact  consideration  of  these  phenomena  than  we  have  hitherto 
attempted.  The  whole  basis  for  this  exact  consideration  has  already 
been  supplied,  and  only  more  specific  application  of  the  principles  is 
demanded.  The  basis  referred  to,  which  should  now  be  studied  as 
a  preliminary  to  what  follows,  is  contained  in,  (1)  the  discussion  of 
chemical  equilibrium  in  general  (pp.  174-185),  (2)  the  application  of 
the  same  principles  to  ionic  equilibrium  (p.  224),  and  (3)  the  illus- 
tration of  this  application  in  the  case  of  cupric  bromide  (pp.  233- 
236). 

Excess  of  One  Ion.  —  In  the  case  of  cupric  bromide,  we  showed 
that  increasing  the  concentration  of  the  bromide  ions  displaced  the 
equilibrium  by  favoring  the  union  of  the  ions  to  form  molecular 
cupric  bromide:  2Br'  +  Cu"  — >  CuBrj.  This  we  speak  of  as  a 
repression  of  the  ionisation  of  the  cupric  bromide.  Now,  if  the  sub- 
stance is  a  slightly  ionized  one,  like  a  weak  acid  or  a  weak  base,  the 
repression  of  the  ionization  through  the  formation  of  molecules  in 
this  way  may  remove  so  many  of  that  one  of  the  ions  which  is  not 
present  in  excess  (corresponding  to  the  Cu"  in  the  foregoing  illus- 
tration), that  the  mixture  will  no  longer  respond  to  tests  for  the  ion 
so  removed.  This  is  an  interesting  and  very  common  case.  The 
behavior  of  acetic  acid,  a  weak,  slightly  ionized  acid,  will  serve  as 
an  illustration. 
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In  nonnal  solution  (60  g.  in  1 1.)  acetic  acid  is  only  .OM  iosE 
(p.  228),  so  that,  in  the  equation  for  the  equilibrium, 

(.996)  HC^30,  fc?  H-  (.004)  +  C,H,0/  (.004), 

the  relative  proportions  are  as  shown  by  the  numbers  in  parentks 
If  the  whole  of  the  acid  (60  g.)  were  ionized^  there  would  be  U : 
hydrogen-ion  per  liter.  Yet,  even  in  this  much  smaller  ea» 
tration  (.004  g.  per  liter),  the  acid  taste  of  the  H'  and  its  effect  q?k 
indicators  can  be  distinctly  recognized.  If,  now  solid  sofe 
acetate  is  dissolved  in  the  solution,  the  liquid  no  longer  gmBtOLVi 
reaction  with  one  of  the  less  delicate  indicators,  like  methvl  ontf 
(g.r.).  The  explanation  is  simple.  Sodium  acetate  is  lut'i 
ionized.  It  gives,  therefore,  a  large  concentration  of  acetate-te  • ' 
a  liquid  formerly  containing  very  little.  This  causes  a  ceai' 
increased  union  of  the  H*  ions  and  CjH,0/  ions  and  the  fonie 
being  already  very  few  in  number,  disappear  almost  entii* 
Hence  the  solution  becomes,  to  all  intents  and  purTx>8es,  Deoci 
There  is  no  less  acetic  acid  present  than  before,  but  the  conccntnti* 
of  hydrogen-ion  is  very  much  smaller. 

FormuiatioH  and  Quantitative  Treattnent  of  the  Ciut^. 

Excess  of  One  Ion.  —  If  the  semi-mathematical  mode  of  fonn- 
lilting  an  equilibrium  (p.  180),  as  applied  to  the  case  of  an  iono!? 
(p.  224),  he  employed  here,  the  foregoing  general  statements  maj  b 
made  more  precise  and  the  conclusions  clearer.  If  [H'J  and  FC^H  0. 
represent  the  molecular  concentrations  of  hydrogen-ion  and  acets: 
ion.  resjx^ctively,  and  [HCjHjOj]  that  of  the  acetic  acid  molecules 
equilibrium,  then: 

[H'l  X  [C,H30/1  _  r. 
[HC,H,OJ 

The  value  of  /iT  is  constant,  whether  the  strength  of  the  solution 
acetic  acid  is  great  or  small,  and  even  when  another  substance  vi 
a  common  ion  is  present.  In  the  latter  case,  [C^HjO  H  and  [1 
stand  for  the  whole  concentrations  of  each  of  these  ionic  substanc 
fn.>m  Ix^th  sources. 

Now,  in  normal  acetic  acid  [H']  =  .004,  [CjHjOjT  =  .004  (for  t 
numl>er  of  each  kind  of  ions  is  the  same),  and  [HC^HjOj  «  .95 
praotioiUly  I.    Substituting  in  the  formula: 

0004  X  0.004  ^  /j;  (^  O.O4I6). 
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1  sodium  acetate  is  dissolved  ia  the  liquid  until  the  solution  is 
tniU  in  respect  to  this  substance  also,  the  following  additional 
luilibrium  haa  to  be  considered: 

(.47)  NaC,H,0,iz!  Na-  (.53)  +  C,H,0/  (-53). 

B  concentration  of  acetate-ion  from  this  source  is  .53,  eo  that,  in 
I  mixture  of  acid  and  salt,   the  concentration  of  acetate-ion 
1,0,1  will  be  ,53  +  .004  =  .534,  or  nearly  134  times  larger  than 
Ethe  acid  alone.    Hence,  in  order  that  the  product  [H']  x  [CjHjO,T 
ver,  as  it  must,  a  value  much  nearer  to  the  old  one,  [H'j 
I  must  be  diminished  to  something  like  xit  of  its  former  magnitude. 
I  That  is,  [H']  will  become  equal  to  about  0.00003,  the  rest  of  the 
hydrogen-ion  uniting  with  a  corresponding  amount  of  the  acetate-ion 
to  form  molecular  acetic  acid.     The  effect  of  adding  this  amount  of 
.  sodium  acetate  therefore  is,  aa  we  hove  seen,  to  reduce  the  concen- 
tration of  the  hijdrogen-4on  below  the  amount  which  can  be  detected 
by  use  of  an  indicator  like  methyl-orange. 

This  effect  is  of  course  reciprocal,  and  the  ionization  of  the  sodium 
acetate  will  be  re<luced  also.  But  the  acetate-ion  furnished  by  the 
acetic  acid  is  relatively  so  small  in  amount  (.00003  agiunst  .53}  that 
the  effect  it  produces  on  the  ionization  of  the  salt  ia  imperceptible. 

It  will  be  noted  that  the  acetate-ion  and  hydrogen-ion  disappear 
in  equivalent  quantities,  for  they  unite.  There  is,  however,  so  much 
of  the  former  that  its  loss  goes  unremarked,  while  there  is  so  little  of 
the  latter  that  almost  none  of  it  remains.  When  substances  of  more 
nearly  equal  degrees  of  ionization  are  used,  balh  effects  are  equaUij 
incons-piciious.  Thus,  sodium  chloride  and  hydrogen  chloride  in 
normal  solutions  yield  approximately  equal  concentrations  of 
chloride-ion  (.784  and  .676>.  Hence,  if  one  mole  of  sodium  chloride 
were  to  l>e  dissolved  in  the  portion  of  water  already  containing  one 
mole  of  hydrogen  chloride,  the  concentration  of  the  chloride-ion,  at 
a  very  rough  estimate,  would  be  nearly  doubled.  If  this  doubling 
of  the  concentration  of  chloride-ion  almost  halved  that  of  the 
hydrogen-ion  (.784),  in  order  that  theespression[Cr]  X  [HI  ■^  [HCl] 
might  remain  constant,  the  concentration  of  the  hydrogen-ion  would 
still  be  about  .400  and  therefore  100  times  aa  great  as  in  molar  acetic 
acid.  It  is  thus  altogether  impaisible  to  reduce  the  concentration 
I  the  hydrogen-ion  given  by  an  active  acid  like  hydrochloric  acid 
low  the  hmit  at  which  indicators  are  affected,  for  there  is  no  way 
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of  introducing  the  enormous  concentration  of  the  other  im  «| 
tho  thcorv  demands. 

With  more  crude  means  of  observation  than  indicatoR  fel 
dTcot*  like  this  last  may  sometimes  be  rendered  visible.  T^^ 
\ht^  ojw  with  oupric  bromide  solution,  to  which  potasaumhRCi 
wA.<i  a<ldcii  (p-  2:^5).  The  blue  of  the  cupric-ion  disappcawiirt 
view,  while  much  cupric-ion  was  still  present,  because  ibe  'it.| 
*vlor  of  tho  molecular  cupric  bromide  covered  it  up  comiJctriv. 

^ifKWfii  i^a^e  ^  Sfiturated  SoiuHans.  —  The  commo»-  = 

wll  .-^^  tho  miv>t  intoresting  application  of  the  conceptions devsir 
i^lv>\  0  1:5  HHM  with  in  connection  with  satiu*ated  solutions,  «)«i' 
thiv^^  of  rtMativoJv  insoluble  substances. 

Tho  Situation  in  a  system  conasting  of  the  saturated  solutix^ 
o\*>oss  of  iho  si>luto  has  been  discussed  already  (p.  102).  In  thefs 
of  :v^1;issiu:n  chlorate,  for  example,  we  have  the  following  scbesK^ 

KOlO,  ^solid^  ;=!  KCIO,  (dslvd)  ?^  K*  +  CIO  '. 

:^^lutio!^.  of  tho  :\>liil  is  pn^moteii  by  the  solution  pressure  of  the  met 

»*v.:o<   wV/.'.o  \:  is  opjMsiHl  by  the  osmotic  pressure  of  the  dissoiv?. 

s;;lv>'.;r,'..v    :ir»vl  Tho  s<^lution  is  saturated  when   these  tend«i?i= 

;^'Av!;:,v  o.;;::\l  otTivis  vp.   103).     Now  it  must  be  noted  that  "' 

U'\\.\i^\w\   .i-.;\v:ly  op|vsi\l  to  tho  solution  pressure  is  the  w^^ 

»\v.*.\*r„*  p:vs>;i:v  of  Tho  iiivSSi>lvoii  molecules  alone.     The  chiefs-" 

:o',it>  .^t  :\\c  sv^luT;on.  Tho  moUvules  and  two  kinds  of  ions  of  thessi* 

rtv.,i  .r/.x  fo:viiiu  u\:Uon:U  that  may  he  present,  are  like  a  mixture 

•i.kNivi.  ;ii\xi  x\w  pnuriplo  of  partial  prt\*«ure  (p.  60)  is  to  be  appliei 

rv.o  '..*v.N  :\\\A  x\w  iowxc.n  luaTorial  do  not  deposit  themselves  upontb: 

^\*!*..i,  a-.ixi  tnko.  thojvfoiv.  no  part  dirccthj  in  the  equilibrium  whioi 

*N**.».^A^!s  Nv^lui^'.liTy.     In   rt'^jxvt    to  this  the  ions    are   themselve? 

t**'.vim\  >;il\NT,«»iux\'i.     Moniv  tho  i\>nclusion  may  be  stated  that  » 

»\^tut4%uu  MfttTAf^d  at  a  g\y%n  t«mparature  by  a  given  solute,  the  cooctf- 

uaU\Mi  of  U\*  iliMi>lT»d  molecules  of  the  solute  considered  by  themselm 

w\\!  be  ^Hxnslanf  whaferer  other  substances  may  be  present. 

Tho  total  s\*hibilitv  of  :i  sulv<tani*o.  as  we  have  used  the  term 
hithosto.  IS  mado  up  of  a  inolooular  and  an  ionic  part.  The  Iatt«r. 
as  >\o  Nhall  pixvi*M\tl\  siv,  is  not  i^nstant  when  a  foreign  substance 
i\'U(auiu)i;  a  l^»nunon  ion  is  jilroady  in  tho  liquid.     Since  the  treat- 
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^Jit  of  the  subject  requires  us  now  to  distinguish  between  the  two 

ftions  of  the  solute,  a  diagram  (Fig.  65)  will  assist  in  emphasizing 

^  distinction.    The  material  at  the  bottom  is  the  salt.    The 

^ecules  and  ions  are  to  be  thought  of  as  being  mixed  and  as  being 

.  esent  in  numbers  represented  by  the  factors  n  and  m.     Since  no 

^reign  body  is  present,  the  two  ions  in  this  case  are  equal  in  number. 

When  we  now  apply  these  ideas  to  the  mathematical  expression 


the  relation: 


[K']  X  [CIO3I 
[KCIOJ 


li 
lii 


'  e  perceive  that,  in  a  saturated  solution,  [KClOs],  the  concentration 
^  the  molecules,  is  constant.    Transposing,  we  have 

[K-]  X  [CIO/]  =  K  [KCIO,']  =  K\ 

tence  the  relation  leads  to  the  important  conclusion  that,  in  a 

lutnrated  solution  the  product  of  the  molar  concentrations  of  the  ions  is 

kkmstant.'*'     This  product  is  called  the  ion-product 

constant  for  the  substance.    The  law  of  the  con- 

rtancy  of  the  ion-product  in  a  saturated  solution 

s  one  of  the  most  useful  of  the  principles  of 

chemistry.    It  enables  us  to  explain  all  the 

varied  phenomena  of  precipitation  and  of  the 

iolution  of  precipitates  in  a  consistent  manner. 

rhese  applications  of    the    principle    will    be 

explained  in  the  next  chapter.    One  curious 

land  of  precipitation  will   be  described   here, 

lowever,  as  an  illustration  of  the  use  of  the 

principle. 

Fio.  85. 

Illustration    of  the   Principle    of  Ion* 
"Product  Constancy.  —  When,  to  a  aaturaied  solution  of  one  of  the 
[ess  soluble  salts,  a  strong  solution  of  a  salt  having  one  ion  in 
umimon  with  the  first  salt  is  added,  precipitation  of  the  first  salt 
frequently    takes   place.      This    happens,   for    example,    with  a 

*  The  principle  of  constant  concentration  of  dissolved  molecules,  stated 
ibove,  has  been  shown  to  express  the  facts  very  inaccurately.  Now  the 
principle  of  the  constancy  of  the  ratio  of  the  ion-product  to  the  concentration 
)f  the  molecules  is  also  inaccurate,  yet  in  such  a  way  that  the  two  errors 
aeutralize  one  another.  Thus,  the  principle  of  ion-product  constancy  here 
pven  is  in  itself  fairiy  exact. 


fMK'+mCIO*' 


tl 


n  KCIO> 


11 


i   .  r_i     :   Aj.  "  .       -Z.  ^    :*^^i:z  i::ii'!i  nun?  5 
!*  — :.r-      Z-r"ti=^  Tie    -  ni-«inT«Tiii   jf   1 


-   i>n 


Li:sczijc.-r 


y,r../^  *-;;'ArAr.'!*«  •FrJ^h  .-  T-j»tig.  pL-is  az.  ecufratjcfix  amount 
r.v>r*:  f,i  *xjh  v.rjr^xj'rVc.z.  -.i  zz^  Ouier  ion.    Tbe  r«st  of  th 
ior.lft  v^»}A»f>.T.*^.  I',  z/uz  ot  the  scIubLltT  of  socDe  other  comi 

Mh^r  iiiumiraiUimM,  —  The  precipitation  of  sodium  c 
tff»tu  'A  ^Attinit^J  Aolation.  by  the  introduction  of  gaaeous  hv 
/rhlori/l/?  ^p.  374>,  iH  Ut  he  explained  in  the  same 
erjuilibria: 

N»a  (Holid)  ^  XaCl  (dslvd)  ?:*  Xa'  +  CI- 


ONIC  EQUILIBRIUM,   CONSIDERED  QUANTITATIVELY        887 

f  reversed  by  the  introduction  of  additional  CI'  from  the  very 
^ble,  and  highly  ionized  HCl. 

•Jhe  evolution  of  a  steady  stream  of  hydrogen  chloride  is  often 
^mplished  by  allowing  concentrated  sulphuric  acid  to  flow  into 
-j^urated  hydrochloric  acid: 

f_  H"  +  CI'  ^  HCl  (dslvd)  ;i±  HCl  (gas). 

M  effect  is  due  in  part  to  repression  of  the  ionization  of  the  hydro- 
;n  chloride  and  elimination  of  molecules  of  the  gas  from  the  water 
Jhich  is  already  saturated  with  molecules  of  the  same  kind.  The 
.salting  out  "  of  soap  (p.  335)  is  probably  a  similar  phenomenon. 

'  Etocereises.  —  1.  The  vapor  density  of  sodium  peroxide  has  not 
een  determined.    Why  is  the  formula  Na^O,  assigned  to  it? 

2.  Construct  a  scheme  of  equilibria  (p.  253)  showing  the  hydroly- 
m  of  calcium  sulphide.  Why  does  the  presence  of  calcium  hydroxide 
iminish  the  tendency  to  hydrolysis? 

3.  Show  the  application  of  the  principle  of  ion-product  constancy 
3  the  salting  out  of  soap  (p.  335). 

4.  What  will  be  the  effect  of  adding  a  concentrated  solution  of 
Jver  nitrate  to  a  saturated  solution  of  silver  sulphate  (see  Table  of 
^lubilities)? 


CHAPTER   XXXV 
THE   METALLIO   ELEMENTS   OF    THE    AI.XAUn  IU0| 

The    Chemical   BehUians  of   the    JBievnents.  —  The 

of  this  group,  calcium  (Ca,  at.  wt.  40.1),  strantiiim  (Sr,  at  irt.5^ 
and  barium  (Ba,  at.  wii.  137.4),  constitute  a  typical  chemical  ta-^ 
Ix^th  in  the  qualitative  resemblance  to  one  another  of  the 
and  of  the  corresponding  compounds,  and  in  the  quantitative 
tion  in  the  properties  with  increasing  atomic  wei^t.  The 
themselves  displace  hydrogen  vigorously  from  cold  water, 
hydroxides.  The  solutions  of  these  hydroxides,  altbou^  Si^ 
on  account  of  a  rather  small  solubility,  are  stron^y  albfiB' 
reaction.  The  high  degree  of  ionization  of  the  hychoxides  Teft 
the  hydroxides  of  the  metals  of  the  alkalies,  and  thar  icbc 
insolubility  the  hydroxides  of  the  "  earths  "  (g.v.). 

In  all  their  compounds,  calcium,  strontium,  and  barium  aie^f 
lent.  The  hydroxides  are  formed  by  union  of  the  oxides  with  ^ 
and  are  pn^gressively  less  easy  to  decompose  by  heating,  barium- 
dn>xide  IxMng  the  hardest.  The  carbonates,  when  heated  \iiii 
oxide  of  the  metal  and  carbon  dioxide,  barium  carbonate  beici 
most  difficult  to  decompose.  The  nitrates,  when  heated  modems 
give  the  nitrites,  but  the  latter  are  broken  up  by  further  hei' 
and  yield  the  oxide  of  the  metal,  and  nitrogen  tetroxide. 
these  and  other  rosj)ects  the  compounds  of  the  metals  of  the  alb 
earths  resemble  those  of  the  heavy  metals  and  differ  from  thtf 
the  met  ids  of  the  alkalies.  Barium  approaches  the  latter  i 
nearlv. 

The  table  of  solubilities  (qA\)  shows  that  the  chlorides  and  niti 
of  calcium,  stmntium,  and  barium  are  all  soluble  in  water, 
si^lubility  diminisliing  in  the  order  given.  The  sulphates 
hydn^xides  cover  a  wide  range  from  slight  solubility  to  exti 
insi^lubility.  Of  the  sulphates,  2100, 1 10,  and  2.3  parts,  respecti' 
dissi^lve  in  one  million  parts  of  water.  In  the  case  of  the  hydro: 
the  onier  of  nuignitude  is  reversed,  and  the  corresponding  nun 
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200,  630,  and  2200.  The  carbonates  are  almost  as  insoluble  as 
3arium  sulphate.  The  new  element,  radium  (Ra,  at.  wt.  226.5), 
pears  to  belong  to  this  family  (see  under  Uranium). 

Calcium  Ca. 

Occurrence.  —  The  fluoride,  and  the  various  forms  of  the  car- 
inate,  sulphate,  and  phosphate  which  are  found  in  nature,  are 
ascribed  below.  As  silicate,  calcium  occurs,  along  with  other 
.etals,  in  many  minerals  and  rocks.    The  element  is  foimd  also  in 

jlants,  and  its  compounds  are  constituents  of  the  bones  and  shells  of 

^limab. 

J,  The  Metal.  —  Calcium  is  made  by  electrolysis  of  the  molten 
Jiloride.  A  hollow  cylinder  made  of  blocks  of  carbon  bolted 
jOgether  and  open  above,  forms  the  anode.  A  rod  of  copper  hang- 
jig  80  that  its  end  dips  into  the  melt  forms  the  cathode.  The  melt- 
jig  of  the  anhydrous  calcium  chloride  with  which  the  cylinder  is 
jailed  is  started  by  means  of  a  thin  rod  of  carbon  laid  across  from  the 
anode  to  the  cathode.  When  the  heat  generated  by  the  passage  of 
the  ciurent  through  this  highly  resisting  medium  has  melted  a 
sufficient  amount  of  the  salt,  the  rod  is  removed,  and  the  resistance 
of  the  fused  material  suffices  to  maintain  the  temperature.  The 
calcium  rises  round  the  cathode  and  collects  on  the  surface  of  the 
bath.  By  slowly  elevating  the  copper  cathode,  the  calcium,  which 
adheres  to  it,  may  be  drawn  out  of  the  fused  mass  in  the  form  of  a 
gradually  lengthening,  irregular  rod.  The  rod  of  calcium  is  kept 
constantly  in  contact  with  the  metal  which  accumulates  on  the 
surface,  and  thus  forms  one  of  the  electrodes. 

Calcium  is  a  silver-white,  crystalline  metal  (m.-p.  760°,  sp.  gr.  1.85) 
which  is  a  little  harder  than  lead,  and  can  be  cut,  drawn,  and  rolled. 
It  interacts  rapidly  with  water.  When  dry  and  cold  it  is  inactive, 
but  when  heated  it  unites  vigorously  with  hydrogen,  oxygen,  the 
halogens,  and  nitrogen.  On  this  account  it  is  used  in  producing 
a  high  degree  of  evacuation.  It  bums  in  the  air,  giving  a  mixture 
of  the  oxide  and  nitride  CajN,.  The  presence  of  the  latter  may  be 
shown  by  the  liberation  of  ammonia  when  water  is  added  to  the 

'^^"®-  Ca,N,  +  6H,0  ^  3Ca(0H),  4-  2NH,. 


several  industrial  operationa.  Thus,  it  arises  in  tl 
ammonia  from  ammonium  chloride  by  the  action 
manufacture  of  potassium  chlorate  (p.  195),  ajid  in  1 
process  (p.  378).  By  evaporation  of  any  solution 
CaCl;,6H;0  is  obtained  in  large,  deliquescent,  siz-adi 
account  of  the  great  concentration  of  a  saturated  i 
cotnpoiuid,  the  solid  and  solution  do  not  reach  a  cot 
libriuin  with  ice  (c/.  p.  204)  until  the  temperature 
—  48°.  Tlie  hydrate,  when  mixed  with  ice,  gives  tl 
efficient  freezing  mixture. 

Calcium  chloride,  dehydrated  by  heating  (CaCl,),  1 
mass  which  is  used  in  chemical  laboratories  for  dn 
liquid^!. 

Calcium  chloride  forms  compounds,  not  only  with  i 
with  ammonia  (CaCl;,8NHj)  and  with  alcohol.  Foi 
aubstanee.<!,  therefore,  quicklime  is  employed. 


Calcium  Fltiorhle  CnF^.  —  This  compound  oocui 
fluorite  or  fluor-spar  CiiF,.  It  crystallizes  in  cubeo, 
water,  and  when  pure  is  colorless.  Natural  specimen 
a  green  tint  or  show  a  violet  fluorescence.  It  is  forme 
tate  when  a  soluble  fluondc  is  added  to  a  solution  of  a  s 

Fluorite  is  used  in  the  etching  of  glass,  as  the  source 
gen  fluoride  (p.  171).  It  is  easily  fusible,  as  its  name  l 
Aucre.  to  flow),  ami  is  emoloved  in  metallureical  or 
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..e  variety,  while  marble  is  a  distinctly  crystalline  form.  Chalk  * 
'a  deposit  consisting  of  the  calcareous  parts  of  minute  organisms. 

•W-shells,  oyster-shells,  coral,  and  pearls  are  other  varieties  of 
^Njanic  origin.t    Calcite  and  Iceland  spar  (Ger.  spaUen,  to  split) 

He  pure  crystallized  calcium  carbonate.  The  former  occurs  in  flat 
lombohedrons,  or  in  pointed,  six-sided  crystals  (Fig.  33,  p.  94) 
nown  as  scalenohedrons  ("  dog-tooth  "  spar)  belonging  to  the  same 

"  When  heated,  calcium  carbonate  dissociates,  giving  carbon  dioxide 
i'ixd  quicklime:  CaCO.  ^  CaO  +  CO,. 

^JT'^t  ordinary  temperatures  the  decomposition  is  imperceptible.    On 
^■^ihe  contrary,  atmospheric  carbon  dioxide,  in  spite  of  its  very  low 
rtial  pressure,  combines  with  quicklime,  giving  "  air-slaked  "  lime. 
^As  the  temperature  rises,  however,  the  tension  of  curbon  dioxide  coming 
^  ^from  the  carbonate  increases,  and  has  a  fixed  value  for  each  temperature. 
•'B  it  is  continually  allowed  to  escape,  so  that  the  maximum  pressure 
r^'is  not  reached,  the  whole  of  the  salt  eventually  decomposes.     At 
812®  the  pressure  reaches  one  atmosphere,  and  at  865°  two  atmos- 
f*>  pheres.    The  phenomenon  is  precisely  similar  to  the  dissociation  of 
k?f  barium  dioxide  (c/.  Brin's  process,  pp.  46,  184)  and  to  the  evapor- 
ation of  a  liquid  (pp.  78-79). 
*      Limestone  is  used  in  the  manufacture  of  quicklime  iq.v.)  and  of 
'^  glass.     It  is  employed  largely  as  a  flux  in  metallurgy,  when  min- 
erals rich  in  silica  are  brought  into  fusible  form  by  the  production 
of  calcium  silicate  (CaSiOg).    Large  amounts  also  find  application 
If    as  building-stone. 

li 

^       Hard  Water. —  Calcium  carbonate  is  almost  insoluble  in  water, 

g  In  the  cold  the  solubility  is  a  little  over  1  part  in  100,000;  in  hot 

^  water  the  solubility  is  even  smaller.     Water  containing  carbonic 

I  acid  dissolves  it  more  freely,  on  account  of  the  formation  of  the  more 

1^  soluble  calcium  bicarbonate  (c/.  p.  324) : 

I  CaCO,  +  HjCO,  ^  Ca(HCO,),. 

^     At  15°  a  liter  of  water  saturated  with  carbon  dioxide  (at  760  mm. 
pressure)  dissolves  0.385  g.  of  the  carbonate,  whereas  a  liter  of  pure 

*  Blackboard  "  crayon  "  is  usually  made  of  gypsum  and  not  of  chalk, 
t  The  hard  coverings  of  Crustacea  and  insects  are  not  made  of  this  sub- 
stance, but  of  an  organic  material  called  chitin. 


iDt  bardneafl  "  (for  the  action  on  soap,  see  p 
The  temporary  hardnesB  msy  be  removed  by 
a  quantity  of  slaked  hme  sufficient  t«  convert  tJ 
acid  into  calcium  carbonate.  The  permanea 
destroyed  by  the  addition  of  sodium  carbonal 
precipitated  carbonate  is  allowed  to  settle  or  j 
tion. 

When  evaporated  in  steam-boilers  hard  '   _ 
heavy  deposit  of  boiler-crust  containing  all  tli 
solution.     Subterranean  water,  rich  in  carbon 
way  to  the  roofs  of  caverns,  loses  its  gas  and  j 
The  drippings  form  stalagmites  on  the  Score 
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Calcium  Oxide  and,  Hydroxide.  - 
(quicklimo)  may  be  made  by  ignition  o(  pure  n 
commercial  purposes  limestone  Is  converted  into 
In  the  United  States  the  "  long-flame  "  process,  1 
first  charged  nith  limestone  and  a  fire  is  then  ) 
left  at  the  bottom,  is  the  one  most  commonly  used 
stone  and  coal  are  si  mply  thrown,  in  alternate  layei 
the  products  are  withdrawn  at  the  bottom,  "the 
dame  "  method,  demands  less  fuel,  since  the  open 
and  the  structure  is  never  allowed  to  cool,  bu: 
mixed  with  the  ash  of  the  coal.  In  many  c 
tion  is  removed  by  placing  the  fuel  in  cavitj 

Win 
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mechanically,  and  then  unites  chemically  to  form  calciuin 
"^drozide  (CaOH),: 

ii  CaO  +  HjO  fc?  Ca(0H)2. 

he  product  is  a  bulky  powder.    The  action  is  accompanied  by  the 

'%velopment  of  much  heat.    The  change  is  reversible,  and  at  a  high 

temperature  the  hydroxide  can  be  dehydrated. 

■  Calcium  hydroxide  is  slightly  soluble  in  water,  —  1  part  in  600 

^*>art8  of  water  at  18^,  about  twice  as  much  water  being  required  at 

%00°.    The  solution,  relatively  to  its  concentration,  is  strongly 

lykaline.    On  account  of  its  cheapness,  this  substance  is  used  by 

Manufacturers  in  almost  all  operations  requiring  a  base,  and  it  thus 

ibccupies  the  same  position  amongst  bases  that  sulphuric  acid  does 

bunongst  acids.    Some  of  the  industries  in  which  caustic  lime  plays 

la  part  are:  the  manufacture  of  alkalies  (p.  363),  bleaching  powder, 

and  mortar  (see  below),  the  removal  of  the  hair  from  hides  in  prep- 

I  aration  for  tanning,  and  the  purification  of  illuminating-gas  (p.  340). 

I 

I      Mortar  and  Cement.  —  Mortar  is  made  by  mixing  water  with 

I  daked  lime  and  a  large  proportion  of  sand.    The  "  hardening  " 

process  consists  in  an  interaction  of  the  carbon  dioxide  of  the  air 

with  the  calcium  hydroxide: 

CO,  4-  Ca(OH),  ->  CaCO,  4-  H,0. 

After  the  superficial  parts  have  been  changed,  the  proceas  goes  on 
very  slowly,  and  many  years  are  required  before  the  deeper  layers 
have  been  transformed.  The  minute  crystals  of  calcium  carbonate 
which  are  formed  are  interlaced  with  the  sand  particles,  and  a  rigid 
mass  is  finally  produced.  The  "  hardening  "  does  not  bejpn  until 
the  excess  of  water  used  in  making  the  mortar  has  evaporated,  and 
hence  ordinary  mortar  is  unsuitable  for  use  in  damp  pla^oes  such  as 
cellars. 

Oement  is  made  by  strongly  heating  a  mixture  of  liriMsstr/ne,  day, 
and  sand,  and  pulverizing  the  product  HiMti  tte  fi^sttaii  is  mixed 
with  water,  it  gradually  sets  to  a  solid  mass  whkfj  w^/^^^^Hm  Uj  'x/mdst 
of  a  mixture  of  silicates  of  ealrittm  imd  nimsimmm.  ^tttyt  tlje 
change  is  not  depend^it  on  mtctm<A  uuy  t^,  M  prMKtpfU  iitrjVLi^ 
out  the  whole  material  simtiUaaec^uidy,  ^^4  wA,  i^e  %u  ii»0f  ^ast;  cif 
mortar  from  the  surface  inwardk  ¥<^  t*uK  r*Aii¥/f4  ^^»^  hitnj^nf  of 
cement  occurs  just  as  well  uader  wtA^  ae  m  wuy  *A\»^  V^mlit  j. 


lUiutrate  the  application  ot  loo-product  ex 
explaining  the  pheaomenoD.  The  same  *Tpl 
precipitations. 

The  first  thing  to  be  remembered  is  that  the 
oljscrve,  however  insoluble  its  material  mav  bi 
of  the  Hubstance,  but  only  the  excess  beyonc 
nnturittc  the  water.  Th«  llqnid  Muirmmiiag  Um 
■aturated  lolotlon  ot  tha  ■obiUnca  r~"*rTt'if»d, 
w>me  of  the  precipitate  would  dissoK-e  unti 
Kuturatod.  Thus,  for  example,  when  we  add 
Holulion  to  calcium  chloride  solution: 

CaCI,  fc5  2C1'      +    Ca"  f  ^  ^«^**«  (^^ 

the  li({uid  Ih  a  aaturatcd  solution  of  calcium  oxa 
ot  thiH  Halt  suspended  in  it. 

Ii(H)kiiie  at  the  mutter  from  this  view-point,  w 
ml  inn  of  the  rule  of  ion-product  constancy.  It 
tioii  (|).  :I8'1)  the  pn)ductof  the  ion-concentratio 
w  i-oiiHtiuit.  If  the  orifpnal  solutions  had  been 
whon  llu'y  were  mixed,  the  protluct  of  the  com 
two  imiH  hail  not  readied  the  value  of  this  consti 
tmiilil  bii  ir  ttcctirrcd.  As  a  matter  of  fact  the  ion-p 
rxitiilcii  Ihc  rwjuisito  value,  and  hence  the  sal 
until  till'  halitiirc  mnaininff  Kave  the  value  in  i 
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^gftuie  for  SoluHon  of  Substance^.  —  The  rule  for  solution  of 

^y  ionogen  follows  at  once  from  the  foregomg  considerations,  and 

^y  be  formulated  by  changing  a  few  of  the  words  in  the  rule  just 

^en:  Whenever  the  product  of  the  concentrations  of  any  two  ions  in  a 

store  is  less  than  the  yahie  of  the  ion-product  in  a  saturated  sohition 

Uie  compound  formed  by  their  union,  this  compound,  if  present  in  the 

Jid  form,  will  be  dissolved.    When  applied  to  the  simplest  case, 

is  rule  means  that  a  substance  will  dissolve  in  a  liquid  not  yet 

.turated  with  it,  but  will  not  dissolve  in  a  liquid  already  saturated 

ith  the  same  material.    The  value  of  the  rule  lies  in  its  application 

>  the  less  simple,  but  equally  common  cases,  such  as  when  an 

isoluble  body  is  dissolved  by  interaction  with  another  substance 

next  section). 

Applications  of  the  Utile  for  Solution  to  tiie  Solution  of 

rnsoluble  Substances,  —  So  long  as  a  substance  remains  in  pure 

irater  its  solubility  is  fixed.    Thus,  with  calcium  hydroxide,  the 

ystem  comes  to  rest  when  .17  g.  per  100  c.c.  of  water  have  gone  into 
olution: 

Ca(OH),  (solid)  ?=►  Ca(0H)2  (dslvd)  4=±Ca'"  +  20H'. 

)ut  if  an  additional  reagent  which  can  combine  with  either  one  of 
he  ions  is  added,  the  concentration  of  this  ion  at  once  becomes  less, 
he  ion-product  therefore  tends  to  diminish,  and  further  solution 
nust  take  place  to  restore  its  value.  Thus,  if  a  little  of  an  acid 
[giving  H')  be  added  to  the  solution  of  calcium  hydroxide,  the  union 
>f  OH'  and  H*  to  form  water  removes  the  OH',  and  solution  of  the 
lydroxide  proceeds  until  the  acid  is  used  up.  There  are  now  more 
3a"  than  OH'  ions  present,  but  the  ion-produci  reaches  the  same 
ralue  as  before,  and  then  the  change  ceases.  If  a  further  supply  of 
icid  is  added,  the  removal  of  OH'  to  form  HjO  begins  again.  With 
ixcess  ofiheacidf  the  only  stable  OH'  concentration  is  that  which  is 
i  factor  in  the  very  minute  ion-product  of  water,  [OH']  X  [H*]. 
3ence,  the  calcium  hydroxide,  which  requires  in  general  a  much 
ligher  concentration  of  OH'  than  this  to  precipitate  it  or  to  keep  it 
mt  of  solution,  finally  all  dissolves. 

This  particular  action  is  a  neutralization  of  an  insoluble  base. 
But  the  other  kinds  of  actions  by  which  insoluble  ionogens  pass  into 
K)lution  all  resemble  it  closely,  and  dififer  only  in  details.  The 
{oneral  outlinee  of  the  explanation  are  the  same  in  every  case.    We 


CaCjO,  t  +  2HC1  i=i  Caa,  +  ^ 
The  action  of  aciilu  upon  insoluble  salts  is  so  freqi 
chemistry  and  is  so  important  a  factor  in  analytic 
demands  separate  discussion.  This  example  is 
may  be  used  as  an  illustration. 

According  to  the  ruiea  already  explained  (p,  3c 
(or  any  other  salt)  is  pi'ecipitated  when  the  jMtx 
trations  of  the  two  requisite  ions  [Ca"]  x  [CjO, 
product  for  a  saturated  solution  of  calcium  oxa 
When,  on  the  contrary,  the  product  of  the  concen 
ions  falls  below  the  limiting  value,  a  condition  wb 
the  removal  in  some  way  either  of  the  Ca"  or  of  1 
undissociated  molecules  wilt  ioniso,  and  the  scd 
replace  them  until  the  ionic  concentrations  neceesi 
with  the  molecules  have  been  restored  or  until  the 
present  is  consumed.  Here  the  oxalate-ion  from 
late  combines  with  the  hydrogen-ion  of  the  a 
one)  which  has  been  added,  and  forms  molecu] 

Hence,  dissociation  of  the  dissolved  molecules  of  oj 
ceeds,  being  no  longer  balanced  by  encounters  and 
depleted  ions,  and  this  dissociation  in  turn  lead»ta 
molecules  from  the  precipitate.  ^m 

It  will  be  seen  that  the  removal  of  the  u>^^| 


n  iron 

ecuM 
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gj^re  is,  however,  a  decisive  factor  in  the  situation  which  we  have 

i  yet  taken  into  account.    The  hydrochloric  acid  which  we  used 

dissolving  the  precipitate  is  a  very  highly  ionized  acid  and  gives 

Ij  enormously  greater  concentration  of  hydrogen-ion  than  does 

L^^c  acid.    Hence  the  hydrogen-ion  is  in  excess  in  equation  (2), 

kd  the  condition  of  equilibrium  for  oxalic  acid,  1^ — J*/vl'  ^  <  J=  /f, 
i  [HjCjOJ 

ill  be  satisfied  by  a  correspondingly  small  concentration  of  CjO/'. 

1  this  particular  case,  therefore,  the  [C2O/']  of  the  oxalic  acid  is 

■as  than  that  given  by  the  calcium  oxalate.    The  whole  change, 

fierefore,  depends  for  its  accomplishment  not  only  on  the  mere 

resence  of  hydrogen-ion,  but  on  the  repression  of  the  ionizcUion  of  the 

vcdic  add  by  the  great  excess  of  hydrogen-ion  furnished  by  the 

cUve  add  that  has  been  used.     As  a  matter  of  fact,  we  find  that  a 

reak  acid  like  acetic  acid  has  scarcely  any  effect  upon  a  precipitate 

f  calcium  oxalate.    An  acid  stronger  than  oxalic  acid  must  be 

mployed.    The  whole  scheme  of  the  equiUbria  is  as  follows: 

^CO,(solid)^Ca^O,(dslvd)  g  Ca"  +  CA"[ ^  HAO.Cdslvd).  (3) 

Then  excess  of  an  acid  sufficiently  active  to  furnish  a  large  concen- 
ration  of  hydrogen-ion  is  employed,  the  last  equiUbrium  is  then 
[riven  forward  and  the  others  follow.  With  addition  of  a  weak  acid, 
nly  a  slight  displacement  occurs,  and  the  system  comes  to  rest  again 
irhen  the  molecular  oxalic  acid  has  reached  a  sufficient  concentration. 

A  generaliiation  may  be  based  on  these  considerations:  an  insoluble 
alt  of  a  given  acid  will  in  general  interact  and  dissolve  when  treated 
rith  a  solution  containing  another  acid,  provided  that  the  latter  acid  is  a 
Quch  more  highly  ionised  (more  active)  one  than  the  former  (see  below). 

But  even  active  acids  frequently  fail  to  bring  salts  of  weak  acids 
ito  solution,  especially  when  the  weak  acid  is  itself  present  also, 
lere  the  cause  lies  in  the  fact  that  such  salts  are  less  soluble  than 
hose  of  the  calcium  oxalate  t3rpe,  and  give  so  low  a  concentration 
I  the  negative  ion  that  the  utmost  repression  of  the  ionization  of 
he  corresponding  acid  does  not  give  a  lower  value  for  the  concen- 
ration  of  this  ion  than  does  the  salt  itself.  Thus,  we  have  seen 
p.  254)  that  even  hydrochloric  acid  (dilute)  will  not  dissolve  a 
umber  of  sulphides.  For  example,  in  the  case  of  cupric  sulphide  in 
.  solution  saturated  with  hydrogen  sulphide,  the  S^^  factor  in  the 


tends  so  decidedly  backward  that  only  the  c 
wilt  increase  the  concentration  of  the  H"" 
secure  any  marked  advance  of  the  whole  actk 
therefore,  to  the  above  rule:  provided  also  that  I 
extreme  inflolubilitr.  This  point  will  be  illuatr 
connection  with  the  description  of  individual  si 
Cadmium). 

Illustrations  of  the  application  of  these  genera] 
less.  Carbonic  acid  is  made  from  marble  {p.  322), 
from  ferrous  sulphide  (p.  251),  hydrogen  peixi 
peroxide  (p.  211),  and  phosphoric  acid  from  < 
{p.  303).  In  each  case  the  acid  employed  to  dec 
more  active  than  the  acid  to  be  liberated.  On  tl 
cium  oxalate  is  insoluble  in  acetic  acid  because  t 
than  is  oxalic  acid.  We  have  thus  only  to  exami 
showing  their  degrees  of  ionization  (p.  22S)  in  o 
tell  which  salts,  if  insolulile  in  water,  will  be  dissol 
in  general,  what  acids  will  be  sufficiently  active  ii 
purpose.  In  chemical  analysis  we  discrimina 
soluble  in  water,  those  solulile  in  acetic  Bxid  (the  inj 
and  some  sulphides,  FeS  and  ZnS,  for  example] 
active  mineral  aciils  for  their  solution  (calcium  0x9 
insoluble  sulphides,  for  example),  and  those  ioB 
(barium  sulphate  and  other  insoluble  s^ts  of  ^^ 
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3hide  or  barium  sulphate  can  be  precipitated  in  presence  of  any 

%  but  ferrous  sulphide  and  calcium  carbonate  only  in  the  absence 

JwAda. 

^J^Vom  this  it  does  not  follow  that  calcium  oxalate,  for  example, 

LOt  be  precipitated  if  once  an  active  acid  has  been  added  to  the 

xture.    To  secure  precipitation,  all  that  is  necessary  is  to  remove 

gi^  3  excess  of  hydrogen-ion  which  is  repressing  the  ionization  of  the 

2B7  ^jjic  acid.    This  can  be  done  by  adding  a  base,  which  removes  the 

•,  or  even  by  adding  sodium  acetate.     The  acetate-ion  CjHjO/ 

*  ■•Elites  with  the  H'  to  form  the  little  ionized  acetic  acid,  in  presence 

*>*^  which  calcium  oxalate  can  be  precipitated. 


*•  Bie€u:hing  rowder  Ca{OCr)CL  — This  substance  (c/.  p.  189) 

manufactured  by  conducting  chlorine  into  a  box-like  structure 

'^■ik)ntainmg  slaked  lime  spread  upon  perforated  shelves.    When  the 

transformation  has  reached  the  limit  (it  is  never  complete),  the 

3ri%upply  of  the  gas  is  shut  off,  and  some  lime-dust  is  blown  into  the 

^Ifehamber  to  absorb  the  remainder  of  the  free  chlorine. 

That  bleaching  powder  is  a  mixed  salt  CaCl(OCl)  rather  than  an 
ui-molar  mixture  of  calcium  chloride  and  calcium  hypochlorite, 
■ifwhich  would  have  the  same  composition,  CaClj,Ca(OCl)j,  is  rendered 
^^probable  by  the  facts  that  the  material  is  not  deliquescent  as  is 
^^  calcium  chloride,  and  that  calcium  chloride  cannot  be  dissolved  out 

*  of  it  by  alcohol. 

^*  Bleaching  powder  is  somewhat  soluble  in  water,  and  in  solution 
>P  the  ions  Ca",  CI',  and  CIO'  are  all  present.  Addition  of  active  acids 
^•  causes  the  formation  of  hydrochloric  and  hypochlorous  acids  (p.  193). 
"   Weak  acids  like  carbonic  acid  displace  the  hypochlorous  acid  only 

*  (c/.  p.  191),  and  hence  the  dry  powder,  when  exposed  to  the  air,  has 
»'    the  odor  of  the  latter  substance  rather  than  that  of  chlorine. 

S        The  substance  is  largely  used  by  bleachers  (c/.  p.  193),  and  as  a 
disinfectant  to  destroy  germs  of  putrefaction  and  disease. 


I 


CdMium  Suiphate. —  This  salt  is  found  in  large  quantities  in 
nature.  The  mineral  anhjrdrite  CaSOi  occurs  in  the  salt  layers.  It 
contains  no  water  of  crystallization,  and  its  crystals  belong  to  the 
rhombic  system.  The  dihydrate,  CaS04,2HjO,  is  more  plentiful.  In 
granular  masses  it  constitutes  alabaster.  When  perfectly  crystal- 
lized (monoclinic  system,  Fig.  35.  p.  95)  it  is  named  gypsum  or 
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selenite.   The  same  hydrate  is  formed  by  precipitation  {romi 
Its  solubility  is  about  1  in  500  at  18^. 

Plaster  of  paris  is  manufactured  by  heating  gypBom  until 
all  the  water  of  hydration  has  been  driven  out.     When  it  *bi 
with  water,  the  dihydrate  is  quickly  re-formed  and  a  ri^  vMi 
produced.    That  the  plaster  sets  rapidly,  is  due  to  the  fact  ^' 
anhydrous  salt  is  more  soluble  than  the  dihydrate,  and  so  ai 
solution  of  the  one  and  deposition  of  the  other  goes  on  until  tkl 
dration  is  complete.     It  becomes  rigid,  instead  of  forming  a 
mass  of  dihydrate,  because  the  process  results  in  the  fonnatiiK 
an  interlaced  and  coherent  mass  of  minute  crystals. 

CaSO,  Mid)  ^Cj^O,  (d8lvd)j  ^CaS0.2H,0  (solid). 

Plaster  of  paris  is  used  for  making  casts  and  in  surgerr.  ^ 
setting  of  the  material  is  accompanied  by  a  slight  increase  in  Volast 
and  hence  a  very  sharp  reproduction  of  all  the  details  of  the  moicfi 
obtained.  An  "  ivory  "  surface,  which  makes  washing  practiolik 
is  conferred  by  painting  the  cast  with  a  solution  of  paraflSn  orstcKS 
in  petroleum  ether.  The  waxy  material,  left  by  evaporation  of  ^ 
volatile  hydrocarbons,  fills  the  pores  and  prevents  solution  s^ 
disintegration  of  the  substance  by  water.  Stucco  is  made  '^- 
plaster  of  paris  and  rubble,  and  is  mixed  with  a  solution  of  cU 
instead  of  water. 

CiUciuni  Sulphide  CaS*  —  This  compound  is  most  easil\'  mac 
by  stroiigly  heating  pulverized  calcium  sulphate  and  charcoal.  T^ 
sulphate  is  reduced: 

4C  +  CaSO,  ->  CaS  4-  4C0. 

Calcium  sulphide  is  meagerly  soluble  in  water,  but  is  neverthek 
slowly  dissolved  in  consequence  of  its  decomposition  by  hvdrol^'^ 
into  calcium  hydroxide  and  calcium  hydrosulphide  Ca(SH)  {cf. 
254).  Since  calcium  sulphide  is  thus  decomposed  by  water  it  cann 
be  precipitated  from  aqueous  solution  by  adding  a  soluble  sulphio 
such  as  ammonium  sulphide,  to  a  solution  of  a  salt  of  calcium.  On 
the  soluble  hydrosulphide  can  be  formed. 

Ordinary  calcium  sulphide,  after  it  has  been  exposed  to  sunli^ 
usually  shines  in  the  dark.     Barium  sulphide  behaves  in  the  sac 
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Od  this  account  these  substances  are  used  in  making  Inminoiu 
They  apparently  owe  this  behavior  to  the  presence  of  traces 

npounds  of  vanadium  and  bismuth,  for  the  purified  substances 

lot  affected  in  the  same  fashion. 

loaphatea  of  Cateium.  —  The  tertiary  orthophosphate  of  cal- 
E  Caj(PO,).,  known  as  phosphorite,  is  found  in  many  localities. 
probably  derived  from  the  remains  of  animals.  Guano  contains 
!  of  the  same  substance,  along  with  compounds  of  nitrogen. 
*it«,  3Ca3(PO,),.CaF„  a  double  salt  with  calcium  fluoride,  is  a 
igjiminon  mineral  and  frequent  component  of  rocks.  The  orthophos- 
hate  forms  about  83  per  cent  of  bone-ash,  and  is  contained  also  in 
Ifbe  ashes  of  plants.  It  may  be  precipitatetl  by  adding  a  soluble 
Aosphate  to  a  solution  of  a  salt  of  calcium. 
,  Since  it  is  a  salt  of  a  weak  acid,  and  belongs  to  the  less  insoluble 
''  is^  of  such  salts,  calcium  phosphate  is  dissolved  by  dilute  mineral 
lis  (e/.  p.  a97),  the  ions  HPO,"  and  HjPO/  being  formed.  When 
<  hiLse,  such  as  ammonium  hydroxide,  is  addeil  to  the  solution,  the 
jjalcium  phosphate  is  reprecipitated  (c/.  p.  ;198). 
.  Calcium  phosphate  is  chiefly  used  in  the  manufacture  of  phos- 
|>horus  and  phosphoric  acid  (p.  303),  and  aa  a  fertilizer.  The  supply 
of  calcium  phosphate  in  the  soil  arises  from  the  decomposition  of 
Tocka  containing  phosphates,  and  is  gradually  exhausted  by  the 
removal  of  crops.  Bone-ash  is  sometimes  used  to  make  up  the 
deficiency.  It  is  almost  insoluble  in  wat«r,  however,  and,  although 
somewhat  leas  insoluble  in  natural  water  containing  salts  like  sodium 
chloride,  is  brought  into  a  condition  for  absorption  by  the  plants 
too  slowly  to  bf!  of  immediate  service.  In  consequence  of  this  the 
"  superphosphate  "  {nee  lu'low)  is  preferred. 

Primuy  oilcium  orthopboipbate  ("  superphosphat* ")  is  manu- 
farttircl  in  large  quantities  from  phosphorite  by  the  action  of  sul- 
phuric arid.  The  unconcentratwl  "  ihamlwr  acid  "  is  used  for  thia 
purpose,  as  wat«r  is  requirwt  in  the  resulting  action.  The  amount* 
of  material  employed  correspond  to  the  equation: 
Ca,(PO,),  +  2R,S0<  +  6H,O-.Ca(H,P0,)„2H,O  +  2CaSO,.2H,0. 

As  soon  a"  mixture  lias  been  effected,  the  action  proceeds  with  evolu- 
tion of  lifnt.  and  a  large  cake  of  the  two  hydrated  salts  remains. 
This  mixture,  after  being  broken  up,  dried,  and  packed  in  bags,  is 
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sold  as  "  superphosphate  of  lime.''    The  primary  pbanliitii 
it  contains  is  soluble  in  water,  and  is  therafora  of  mat  t^i 
fertilizer. 

Calcium  SiUeaie  CaSiO^. — Calcium  metaailieateCbSn^ta 
the  mineral  woUastonite,  which  is  rather  aearo^  but  entnibl 
composition  of  many  complex  mineraLs,  sueh  as  gunet  wd  tf 
It  may  be  made  by  predpitation  with  a  solutioii  of  sodEasit 
silicate  (p.  380),  or  by  fusmg  together  powdered  quarts  aaiflrii 
carbonate:  g.^^  ^  CaCO, -^  CaSiO,  +  OCV 

GUMS.  —  Common  ^ass  is  a  complex  silicate  of  sodfami  «1< 
cium,  or  a  homogeneoiis  mixture  of  the  silicates  of  these  mekA^ 
silica.  It  has  a  compodtion  rei^esented  appiozimate^  If ' 
formula  Na^OyCaO^OSiOs,  and  is  made  by  melting  tontiMr  ai 
carbonate,  limestone,  and  pure  sand: 

Na^CO,  +  CaCO,  +  6SiO,  ->  Na,0,CaO,6SiQ|  +  200^ 

For  the  most  fusible  glass,  a  smaller  proportion  of  sand  is  emok! 
This  variety  is  known,  from  its  components,  as  "Ma-glaw.  or,  i 
its  easy  fusibility,  as  soft  glass.  Plate-^ass  is  made  by  casdos 
material  in  large  sheets  and  polishing  the  surfaces  until  tlier 
plane.  Window-glass  is  prepared  by  blowing  bulbs  of  long  C3 
drical  shape,  and  ripping  them  down  one  side  with  the  b^ 
diamond.  The  resulting  curved  sheets  are  then  placed  on  i 
surface  in  a  furnace  and  are  there  allowed  to  open  out.  Betdf 
made,  chiefly  in  Venice,  by  cutting  narrow  tubes  into  vay  J 
sections  and  roimding  the  sharp  edges  by  fire.  Ordinary  appti 
is  made  of  soft  soda-glass,  and  hence  when  heated  strondy  it  t 
to  soften  and  also  to  confer  a  strong  yellow  tint  (c/l  p.  380)  a 
flame.  Bottles  are  made  with  impure  materials,  and  owe 
color  chiefly  to  the  silicate  of  iron  which  they  contain.  In  afl  i 
the  articles  are  annealed  by  being  passed  slowly  throngh  a  sp 
furnace  in  which  their  temperature  is  lowered  very  graduaUy.  ( 
which  has  been  suddenly  chilled  is  in  a  state  of  tension  and  br 
easily  when  handled. 

Soft  glass  is  partially  dissolved  by  water.    When  powdered  i 
is  shaken  with  water,  the  liquid  soon  dissolves  enourii  sod 
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^ieate  to  ^ve  an  alkaline  reaction  with  phenolphthalein  (c/.  p. 
2). 

hemian,  or  hard  glass,  is  much  more  difficult  to  fuse  than  soda- 
,  and  is  also  much  less  soluble  in  water.  It  is  manufactured  by 
.betituting  potassium  carbonate  for  the  sodium  carbonate.  When 
"Vl  oxide  is  employed  instead  of  limestone,  a  soda-lead  glass  known 
*'t  flint  glass  is  produced.  This  has  a  high  specific  gravity,  and  a 
'^ieat  refracting  power  for  Ught,  and  is  employed  for  maldng  glass 
^maments.  By  the  use  of  grinding  machinery,  cnt  glass  is  made 
*^om  it. 

>  Oolored  glass  is  prepared  by  adding  small  amounts  of  various 
sides  to  the  usual  materials.  The  oxides  combine  with  the  silica, 
,nd  produce  strongly  colored  silicates.  Thus,  cobalt  oxide  gives  a 
jlue,  chromium  oxide  or  cupric  oxide  a  green,  and  uranium  oxide  a 
rellow  glass.  Cuprous  oxide,  with  a  reducing  agent,  and  compounds 
if  gold,  give  the  free  metals,  suspended  in  colloidal  solution  (p.  96) 
n  the  glass,  and  confer  a  deep-red  color  upon  it.  Milk-glass  contains 
anely  powdered  calcium  phosphate  in  suspension,  and  white  enamels 
Etfe  made  by  adding  stannic  oxide. 

Glass  is  a  typical  amorphous  substance  (pp.  84,  249).  From  the 
Facts  that  it  has  no  crystalline  structure,  and  that  it  softens  grad- 
ually when  warmed,  instead  of  showing  a  definite  melting-point,  it 
is  regarded  as  a  supercooled  Uquid  of  extreme  viscosity.  Most  single 
silicates  crystallize  easily,  and  have  definite  freezing-  (and  melting-) 
points.  Glass  may  be  regarded  as  a  solution  of  several  silicates. 
When  kept  for  a  considerable  length  of  time  at  a  temperature 
insufficient  to  render  it  perfectly  fluid,  some  of  its  components 
crystallize  out,  the  glass  becomes  opaque,  and  "  devitrification  " 
is  said  to  have  occurred.  The  word  "  crystal ''  popularly  applied 
to  glass  is  thus  definitely  misleading. 

CiUciutnAon :  AfuUytieal  Reactions*  —  Ionic  calcium  Ca*  is 
colorless.  It  is  bivalent,  and  combines  with  negative  ions.  Many 
of  the  resulting  salts  are  more  or  less  insoluble  in  water.  Upon  the 
insolubility  of  the  carbonate,  phosphate,  and  oxalate  are  based  tests 
for  calcium-ion  in  qualitative  analysis  (see  p.  440).  The  presence 
of  the  element  is  most  easily  recognized  by  the  brick-red  color  its 
compounds  confer  on  the  Bunsen  flame,  and  by  two  bands  —  a  red 
and  a  green  one  —  which  are  shown  by  the  spectroscope. 


electrolysis  of  the  molten  chloride. 
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Compountts  of  Strontium.  —  The  compou 
the  natural  carbonate  or  sulphate.     The  foi 
directly  in  acids,  and  the  latter  is  first  reduced  Iq 
to  the  sulphide,  and  then  treated  with  acids. 

Btcoatlum  chlorida  SrCla,6H,0,  made  in  one  of  tJ 
deposited  trom  solution  as  the  hexahydrate.  Tin 
comes  out  of  hot  solutions  in  octahedrons  whid 
From  cold  water  the  tetrahydrate  Sr(N0,)„4H,0  i 
anhydrous  nitrate  is  mixed  with  sulphur,  Charcot 
chlorate  to  make  "  red  fire."  Tlie  oxide  SrO  mi 
igniting  the  carbonate,  but  it  is  obtuined  with  grea 
is  calcium  oxide  from  calrium  carbonate.  It  is  gi 
heating  the  nitrate  or  hydroxide. 

Strontium  hjdroxida  Sr(OH)i  is  made  by  heating 
a  current  of  superheated  steam: 

St€0,  +  H,0  -^  Sr(OH),  +  CO,. 

This  action  takes  place  more  easily  than  does  the  i 
of  the  carbonate,  because  the  formation  of  the  hy 
energy,  and  this  partially  compensates  for  the  enei 
be  provided  to  decompose  the  carbonate.  Thp' 
partial  pressure  of  the  carbon  dioxide  by  l'  ^^ 
to  the  result  (ef.  P.  391).     A  hydrate  SrfOH 
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Barium  Ba. 

..lie  physical  and  chemical  properties  of  the  compounds  of  barium 
%11  those  of  strontium  and  calcium.  All  the  compounds  of  barium 
"loh  are  soluble  in  water,  or  can  be  brought  into  solution  by  the 

ak  acids  of  the  digestive  fluids,  are  poisonous. 

^^Oeeurrence*  —  Like  strontium,  barium  is  found  in  the  form  of 
S  carbonate,  witherite  BaCO,,  and  the  sulphate  BaS04,  heavynspar 
''Write  (Gk.  papvi,  heavy).  The  free  metal,  which  is  silver-white, 
%y  be  obtained  by  electrolysis  of  the  molten  chloride. 
The  compounds  are  made  by  treating  the  natural  carbonate  with 
lids  directly,  or  by  first  reducing  the  sulphate  with  carbon  to  sul- 
ttkle,  or  converting  the  carbonate  into  oxide,  and  then  treating 
|ie  products  with  acids. 

,  Compounds  of  Barium.  —  The  precipitated  form  of  barium 
ttbonate  BaCO,  is  made  by  adding  sodium  carbonate  to  the  aqueous 
ctract  from  crude  barium  sulphide  (q.v.).  Barium  carbonate 
emands  so  high  a  temperature  (about  1500°)  for  the  attainment  of 
sufficient  dissociation  tension,  that  special  means  is  employed  for 
0  decomposition.    It  is  heated  with  powdered  charcoal  (cf.  p.  325) : 

BaCOa  +  C  ->  BaO  H-  2C0. 

Natural  barium  sulphate  BaSOi  is  the  source  of  many  of  the  com- 
ounds.  The  precipitated  sulphate,  made  by  adding  sulphuric  acid 
>  the  aqueous  extract  from  barium  sulphide,  is  used  in  making 
Wte  paint  ("  permanent  white  ")» in  filling  paper  for  glazed  cards, 
ad  sometimes  as  an  adulterant  of  white  lead.  The  salt  is  highly 
isoluble  in  water  and  is  hardly  at  all  affected  by  aqueous  solutions 
f  any  chemical  agents. 

Barium  sulphide  BaS,  like  the  sulphides  of  calcium  and  strontium 
[)•  400),  is  very  slightly  soluble  in  water,  but  slowly  passes  into 
3lution  owing  to  hydrolysis  and  formation  of  the  hydroxide  and 
ydrosulphide.    It  is  made  by  heating  the  pulverized  sulphate  with 

'^^^^^'  BaSO^  4-  4C  -►  BaS  -f  4C0. 

Barinm  ehlorids  BaCI),2H20  is  manufactured  by  heating  the  sul- 
phide with  calcium  chloride.  The  whole  treatment  of  the  heavy- 
par  is  carried  out  in  one  operation: 

BaSO<  +  4C  4-  CaClj  -►  4C0  +  BaCl,  +  CaS. 


By  K^nd  treatment  vith  wftter,  the  ofalaiida  »ti  b 
the  ealdum  sulphide  before  muah  deoompuitka  ol 
376)  has  taken  place. 

Bartnm  ebkrate  Ba<C10^t  is  made  by  tiwitiiig 
barium  carbonate  with  a  solutioa  of  ohlcnrio  Mdd. 
beautiful  monoclinic  crystalfl,  and  ia  used  with  su^ 
in  the  preparation  of  "  green'fire." 

Bartiim  inoiioxlJ«  BaO  is  manufactured  from  tb 
above)  or,  in  pure  form,  by  heating  the  nitrateL  1 
vigorously  with  water  to  form  the  hydiozida;. 

The  monoxide,  when  heated  in  a  stream  erf  air  t 
bartnm  pflroxlds  BaO„  as  a  compact  gray  "Tmn  ^ 
its  reversal  constitute  the  bams  of  Brin's  pnxsen  for  o 
from  the  air  (p.  46).  A  liydrato,  Ba0„8^O,  ia  thi 
crystalline  precipitate  when  hydrogen  peroxide  aolu 
a  solution  of  barium  hydrozii^: 

Ba(OH),  +  H,0,^BaO,  I  +  2H. 

Barium  peroxide  ia  used  in  the  maDufaeture  of  hydr 
Barinm  bTdnxida  Ba(OH)„  is  made  by  union  of 
water,  or  by  leading  moist  carbon  dioxide  over  tb 
deoomposing  the  resulting  carbonate  with  auperbei 
is  the  most  soluble  of  the  hydroxides  of  this  group,  a 
fore,  the  highest  concentration  of  hydroxide-ion. 
known  aa  "  baryta-water."  It  is  also  the  most  atal 
hydroxides,  and  may  be  melted  without  decomposltii 
Ba(0H)j,8H,0  crystallizes  from  water. 

Bartnm  nitrate  Ba(NO,)j  is  made  by  the  action  ol 
the  sulphide,  oxide,  hydroxide,  or  carbonate  of 
cr}rstals  from  aqueous  solution  are  anhydrous. 
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.phate  solution  precipitates  barium  sulphate,  and  does  not  give 
•^  result  with  salts  of  the  first  two.  The  oxalate  of  calcium  is 
*%cipitated  in  presence  of  acetic  acid,  while  the  oxalates  of  stron- 

im  and  barium  are  not  {cf.  p.  398),  and  there  are  other  differ- 

^ces  of  a  like  nature  in  the  solubilities  of  the  salts. 

n 

ii  Exercisea. —  1.  Arrange  the  chromates  of  the  metals  of  this 

unily  in  the  order  of  solubility  (see  Table).  CJompare  the  solubili- 
1^  with  those  of  the  carbonates,  oxalates,  and  sulphates  of  the 
^petals  of  the  same  family. 

2.  What  is  meant  by  fluorescence  (c/.  any  book  on  physics)? 
^j  3.  What  will  be  the  ratio  by  volume,  at  150®,  of  the  nitrogen  per- 
oxide and  oxygen  given  off  by  the  decomposition  of  calcium  nitrate? 
^WTiat  would  be  the  nature  of  the  difference  between  the  ratio  at  150° 
^d  that  at  room  temperature  (c/.  p.  144)? 

I    4.  Apply  the  rule  of  precipitation  to  the  case  of  adding  sodium 
carbonate  to  a  solution  of  barium  chloride. 

5.  Explain  in  terms  of  the  ionic  hypothesis  the  precipitation  of 
the  sulphate  of  strontium  by  calcium  sulphate  solution,  and  the 
absence  of  precipitation  when  the  latter  is  added  to  a  dilute  solu- 
tion of  a  soluble  salt  of  calcium. 

6.  What  inference  do  you  draw  from  the  fact  that  the  oxalates 
of  barium  and  strontium  are  not  precipitated  in  presence  of  acetic 
acid,  while  the  oxalate  of  calcium  is  so  precipitated?  Is  the  infer- 
ence confirmed  by  reference  to  the  solubility  data? 

7.  Explain  the  fact  that  strontium  and  calcium  chromates  are 
easily  dissolved  by  acetic  acid,  while  barium  chromate  is  dissolved 
only  by  active  mineral  acids. 

8.  Explain  the  fact  that  all  the  carbonates,  save  those  of  potassium, 
sodium,  and  thallium,  are  precipitated  in  neutral  solutions,  but  not 
in  acidified  solutions.  Why  is  the  precipitation  incomplete  when 
carbon  dioxide  is  led  through  solutions  of  salts  of  the  metals,  but 
more  complete  when  the  hydroxides  of  the  metals  are  used? 

9.  Construct  a  table  for  the  purpose  of  comparing  the  properties 
of  the  free  elements  of  this  family  and  also  the  properties  of  their 
corresponding  compounds. 

10.  Are  the  elements  of  this  family  typical  metals  (p.  353)? 
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Nx  .Vfu^  mAf^^"^  *<  this  family,  being  found  free  it 
»  ,  ,,,,-^     .**  ;v    »»^v'r  wort*  kno^ni  in  early  tim&.    Ibr  ^ 
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V   .  .  .  A»x:«v^   irvs;  Mr  onMnafpp  and  for  onuuncuk  ^ 
...   .\    iV-,\  I  v**i  ^onductow  of  electricity  (j>. ->> 

K  »•«.«.«     f^^fntioH*  ^  fM^   Capper  l^'awmitf^—^ 

\^  ,Kfi.  «t-.  ^"t*  107.03),  and  gold  -V.  ^' 

\     i,'»M  s»«ir  in  tho  second  column  of  :bf -'^ 

",.  \ht  rh<*mical  relations  of  ihee  «2 

^H-p  .Mntmst  to  those  of  the  alkilrt' 

.  N        \.    .  X  Copper,  Sn^TZR,  Gol: 

^  ..  .y    .^.;..v  Vx  Hir       Amonfrst    least    active  mrti? 

V >-  —  z^"  .N^tr:  oi^ppor  is  oxidized  bv  air:  is 

*  .  '  \y  nii-ist  other  metale. 

.X    ^^-i.'iK      i\:-  and   C":    two    serio*.     .\r 
.     ..    ^v"  '»«.         j»on«8,     Au*  and  Au»":  t^: 

i>.U>ridc»  of  univalent  «rr.-* 
.  ^,>  \».xi.        v>\J.u"^  anii     hvdroxidos  fe^r.v 

rv-cpt  AffjC)^:  halides  hvir 

fwpt  As-halides).     Henw 

>i<i*T5  Are  niiineroiis. 
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r-sv:irntlv  in  anion,  e.g.,  K.Ci 
K  V<:a  NV  K.A11O3,  K.Aj 
%n.\  :n  complex  cations,  e.g.f 
V^,NH,VOH  andCuCXHji.. 

;/x«A7,:?  oxvpon,  and  theii 
OA  .s  of  boat,  silver  and 
V  V  k:^owti  as  the  "  noble  rac 


•^  "^      v^.: 


^  \  .  I    .  «  '.  1  %  ■  X 
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,     .»..    >  ;,  nKHt^.  —  Coppjcr  is  the 

N  .  «.    ^^    - .   %  ^.  ,v-,^'^  xxhx*h  we  have  encoun 
■  v  .^    ,vv»  ,v*  •  :*■  i*.o   ir.viopondcnt  series  oi 
.*  .       .'*^v\    -V    "sw  ,.  <.   ',»;.. .:>:u\:  :u?  cuprous   (univj 
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.  cupric  (bivalent)  salts.    The  methods  by  which  a  compound  of 
series  may  be  converted  into  the  corresponding  compound  of  the 

er  series  should  be  noted. 

ihe  chief  cuprous  compounds  are  CujO,  CuCl,  CuBr,  Cul,  CuCN, 

fi.  There  are  no  cuprous  salts  of  oxygen  acids.  The  cuprous 
^npoimd  is  in  each  case  more  stable  (p.  81)  than  the  corresponding 
^ric  compound,  and  is  formed  from  it  either  by  spontaneous 
oomposition,  as  in  the  cases  of  the  iodide  and  cyanide  (2CuL| 
^  2CuI  +  I2),  or  on  heating.  The  cuprous  halides  and  cyanide 
M  colorless  and  insoluble  in  water.  Cuprous-ion  Cu'  seems  to 
J  colorless. 

The  cupric  compounds  are  more  numerous,  as  they  include  also 
•JtB  of  oxygen  acids,  like  CuSO^,  Cu(N08)2,  ^^c*  Th©  anhydrous 
Uts  are  usually  colorless  or  yellow,  but  cupric-ion  Cu"  is  blue,  and 
»,  therefore,  are  the  aqueous  solutions  of  the  salts.  The  cupric  are 
lore  familiar  than  the  cuprous  compounds,  since  cupric  oxide, 
Lilphate,  and  acetate  are  the  compounds  of  copper  which  most 
nequently  find  employment  in  chemistry  and  in  the  arts.  All  the 
oluble  salts  of  copper  are  poisonous. 

Occurrence.  —  Copper  is  found  free  in  the  Lake  Superior  region, 
1  China,  and  in  Japan.  The  sulphides,  copper  pyrites  CuFeS,  and 
halcocite  CujS,  are  worked  in  Montana,  in  southwest  England,  in 
Ipain,  and  in  Germany.  Malachite,  Cu2(OH)2COs  (=  CuCOH),, 
luCOJ,  a  basic  carbonate,  is  mined  in  Siberia  and  elsewhere, 
iuprite  or  ruby  copper  CujO  is  also  an  important  ore. 

Extraction  fronn  Ores* — For  isolating  native  copper  it  is  only 
jecessary  to  separate  the  metal,  by  grinding  and  washing,  from  the 
ock  through  which  it  ramifies,  and  to  melt  the  almost  pure  powder 
f  copper  with  a  flux  (p.  355).  The  carbonate  and  oxide  ores  require 
oal,  in  addition,  for  the  removal  of  the  oxygen. 

The  liberation  of  copper  from  the  sulphide  ores  is  difficijdt,  and 
ften  involves  very  elaborate  schemes  of  treatment.  This  arises 
rom  the  fact  that  many  copper  ores  contain  a  large  amount  of  the 
ulphides  of  iron,  and  these  have  to  be  removed  by  conversion  into 
xide  (by  roasting)  and  then  into  silicate  (with  sand).  The  silicate 
3rms  a  flux,  and  separates  itself  from  the  molten  mixture  of  copper 
ad  copper  sulphide.  In  Montana  it  is  found  possible  to  abbreviate 
he  treatment.    The  ore  is  first  roasted  until  partially  oxidized.    It 


the  converter  are  potired  ouL    'I'he  resulting  c 
to  be  east  in  large  plates  and  purified  by  electn 

Wet  procesaea  are  used  for  poor  ores.  In  one' of 
roasted  with  salt.  The  copper  is  thua  converted  into 
and  can  be  dissolved  away  from  the  oxide  of  iron  &nf 
by  means  of  water.  Any  traces  of  silver  which 
present  pass  also  into  solution  (as  AgCl),  and  are 
addition  of  potassium  iodide.  The  copper  ig  the 
means  of  scrap  iron,  and  forms  a  brown  sludge  (Cu 

+  cu;). 

The  tenacity,  ductility,  and  conductivity  of  oopt 
aSected  by  small  amounts  of  impurities,  such  aaM 
sulphide,  which  are  soluble  in  the  molten  metriW 
proportion  of  the  copper  on  the  market  is  purifl^J 
In  this  method  of  refining  the  metal,  thin  sheets  om 
cathodes,  and  thick  plates  of  copper  the  anodes, 
pended  alternately  and  close  together  in  large  troi 
cupric  sulphate  solution.  The  cathodes  are  all  coni 
negative  wire  of  the  dynamo,  and  the  anodes  with  H 
The  Cu"  is  attracted  to  the  cathodes  and  is  depoat 
The  SO/'  migrates  towards  the  anodes^  whwe  cop|)er 
plate  becomes  ionized  in  equivalent  amount.  Tfae  i 
sulphate  thua  remains  the  same,  and  the  pracUoi 
electrolysis  is  to  carry  copper  across  from  one  | 
The  cathodes  are  removed  from  time  to  time,  . 


racUoa 
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. ,  In  ordinaxy  air  copper  becomes  slowly  covered  with  a  green  basic 
^xbonate  {not  verdigris,  q.v.).  It  does  not  decompose  water  at  any 
'j^mperature  or  displace  hydrogen  from  dilute- acids  (p.  245).  The 
*^tal  attacks  oxygen  acids  (pp.  257,  298),  however.  Sea-water 
^d  air  slowly  corrode  the  copper  sheathings  of  ships,  giving  a  basic 
»^oride,  Cu^COH)  A,  H,0(=  3Cu(0H)„  CuCl^,  H,0),  which  is  found 
h  nature  as  atakamite. 

'  On  account  of  its  resistance  to  the  action  of  acids,  copper  is  used 
hr  many  kinds  of  vessels,  for  covering  roofs  and  ships'  bottoms,  and 
br  coins.  It  furnishes  also  electrotype  reproductions  of  medals,  of 
^graved  plates,  of  type,  etc.  For  this  purpose  a  cast  of  the  object 
ig  first  made  in  gutta  percha,  plaster  of  paris,  or  wax.  This  is  then 
9oated  with  graphite  to  give  it  a  conducting  surface,  and  receives  an 
filectrolytic  deposit  of  copper.  Great  quantities  of  the  metal  are 
jsed  in  electrical  plants  and  appliances. 

Alloys.  —  The  qualities  of  copper  are  modified  for  special  pur- 
poses by  alloying  it  with  other  metals.  Brass  contains  18-40  per  cent 
of  zinc,  and  melts  at  a  lower  temperature  (p.  390)  than  does  copper. 
A  variety  with  little  zinc  is  beaten  into  thin  sheets,  giving  Dutch- 
metal  C  gold-leaf  '')•  Bronze  contains  3-8  per  cent  of  tin,  11  or 
more  per  cent  of  zinc,  and  some  lead.  It  was  used  for  making  weap- 
ons and  tools  before  means  of  hardening  iron  were  known,  and 
later,  on  account  of  its  fusibility,  continued  to  be  employed  for 
castings  until  displaced  largely  by  cast-iron  (discovered  in  the  eigh- 
teenth century).  Onn-metal  contains  10  per  cent,  and  bell-metal  25 
per  cent  of  tin.  Qerman  silver  contains  19-44  per  cent  of  zinc  and 
6-22  per  cent  of  nickel,  and  shows  none  of  the  color  of  copper. 

Cuprie  Chloride  CuCl^  2Hfi.  —  This  compound  is  made  by 
union  of  copper  and  chlorine,  or  by  treating  the  hydrate  or  carbonate 
with  hydrochloric  acid.  The  blue  crystals  of  a  hydrate,  CuCl2,2H20, 
are  deposited  by  the  solution.  The  anhydroas  salt  is  yellow.  Dilute 
Bolutions  are  blue,  the  color  of  cupric-ion,  but  concentrated  solutions 
are  green  on  account  of  the  presence  of  the  yellow  molecules  (p.  227). 
The  aqueous  solution  is  acid  in  reaction  (p.  353).  When  excess  of 
ammonium  hydroxide  is  added  to  the  solution,  the  basic  chloride, 
eopric  oxsrchloride  CU|(0H)«Cl3  (above),  which  is  at  first  precipitated, 
redissolves,  and  a  deep-blue  solution  is  obtained  (see  p.  413).    This 
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on  evaporation  yields  deep-blue  crystala  of  hydrated 
oUoride  Cu(NHJ..Cl3,H,0.  The  deep-blue  color  ol 
wbicb  is  given  by  all  cupric  salts,  is  that  of  Mnmi 
Cu(NH^,".  The  dry  salt  also  absorbs  anunonia,  pvi 
but  a  reduction  of  pressure  results  In  the  final  loss  of  aL 

Cuprous  Chloride  CuCl. — It  may  be  made  by 

chloric  acid  to  cupric  chloride  solution,  and  boiling  thi 
copper  turnings: 

CuCI,  +  Cu  -» 2Cua  or  Cu"  +  Cu  -►  3 
The  solution  contains  compounds  of  cuprous  chloride 
c-hloride  HCl,CuCI  or  HCuCl,  and  H,CuCl^  which  ar 
when  water  is  added.  The  cuprous  chloride  is  insol 
and  forms  a  white  crystalline  precipitate. 

The  forogoiiig  action  is  an  illuntnition  of  the  fitU 
cbsmloftl  cliKiigB,  namely  that  in  which  a  chaactt  in  ^alf 
ill  thp  nmount  of  the  electrical  charge),  occurs,  without 
ill  tlui  composition  of  the  ionic  substance.  Per  othe 
wv  pp.  1 1 1  (Mn""  +  4C1'  -►  Mn"  +  2C1'  +  a^,  409. 

Cuimuw  chloride  is  hydrolyzed  quickly  by  hot  i 
rinally,  rr<i,  hydmted  cuprous  oxide,  CujO.  When 
nITertot  by  light,  but  in  the  moist  state  becomes  Wolel 
lu'jirly  bliick.  The  action  is  said  to  be  2CuCl  -+  CuC 
moist  !iir  it  turns  Rrocn,  nnd  is  oxidized  to  cupric  oxychlt 
ll  is  dissdlvrtl  by  hyiirocldoric  acid,  giving  the  coloi 
ai-ids  lH'iiri,  ami  H,('uri,(Hec  p.  4i:i).  The  solution  i 
the  nir,  turning  first  brown  and  then  green,  and  final 
till'  I'uprii-  oxychloridi".  Cuprous  chloride  also  dissolv 
Ilium  hydmxido  (sec  p.  413).  giving  anunonkh-enpi 
(\uNll,i,.('l.  the  iim  Cu(NU,),"  being  colorless.  Thi 
Hiiicklv  iixidi/.iHi  by  the  ftir,  turns  deep-blue,  and  tl 
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ij^fThen  a  soluble  iodide  is  added  to  a  cupric  salt;  a  white  precipitate  of 
'^jspmoE  iodide  Cul  and  free  iodine  are  obtained: 

fi  2Cu-  +  41'  1=5  2CuI  I  +  I,. 

B  The  SoltUion  of  Insoluble  Salts  when  Complex  Ions  are 
Formed.  —  The  solution  of  an  insoluble  salt  like  cuprous  chloride  by 
^hydrochloric  acid  or  ammonium  hydroxide  is  typical  of  a  great 
P^ariety  of  actions  of  which  we  here  meet  with  the  first  examples 
(qf.  p.  263). 

r  The  dissolving  of  cuprous  chloride  in  hydrochloric  acid  (p.  412), 
to  form  soluble  complex  acids  Uke  H.CuClj,  requires  a  special  expla- 
iiation.  The  complex  negative  ion  CuCl,'  which  is  formed,  is  very 
little  dissociated  (CuCL,'  ^  Cu*  +  2C10,  and  gives  a  smaller  concen- 
tration of  Cu*  than  does  the  insoluble  cuprous  chloride.  Thus,  this 
complex  ion  is  formed  at  the  expense  of  the  Cu*  of  the  insoluble 
cuprous  chloride,  and  the  latter  goes  into  solution  progressively  in 
the  effort  to  restore  the  balance: 

CuCl  (soUd)  ±=5  CuCl  (dslvd)  t=5  CV   +  Cu*  )     .  p,,p, ,  , ,  ,    ,v 

2HC1  ±=5  2H-  +  2C1')  ^  ^^^^   (dslva;. 

The  same  exact  laws  of  equilibrium  used  in  discussing  the  dissolving 
of  salts  by  acids  (p.  396)  may  be  applied  to  the  whole  procedure. 

The  dissolving  of  cuprous  chloride  by  the  free  ammonia  of  ammo- 
nium hydroxide  is  explained  in  the  same  way.  The  only  difference 
is  that  here  the  copper  is  in  a  complex  positive  ion.  The  ion 
Cu(NH,)3*  gives  little  Cu'  —  less  than  does  cuprous  chloride,  in  spite 
of  the  insolubility  of  the  latter.  Hence  the  salt  passes  into  solution 
until  the  ion-product  [Cu*]  x  [CI'],  with  continually  increasing  [CI'], 
reaches  its  normal  value  or  until  the  solid  is  exhausted. 

The  deep-blue  colored  ion  Cu(NH3)4"  given  by  cupric  chloride  and 
other  cupric  salts  is  also  very  little  ionized.  Hence  anmionium 
hydroxide  dissolves  all  the  insoluble  cupric  compounds  save  only 
cupric  sulphide,  which  is  the  most  insoluble  of  all  —  that  is,  the  one 
pving  the  smallest  concentration  of  cupric-ion.  Conversely,  the 
sulphide  is  the  only  insoluble  compound  of  copper  which  can  be 
precipitated  from  ammoniacal  solution. 

Cuprous  Oxide  Cufi.  —  This  oxide  is  red  in  color,  and  natural 
specimens  show  octahedral  forms.    It  is  produced  by  oxidation  of 


chloride,  or  rather  HCuClj.  It  also  dissolves  id  amini 
giving,  probably,  Cu(XH,),,OH,  which  is  colorless. 

Cupric  Oxide  and  Hydroxide. — Omnte  ooddi 

substance  formed  by  heating  copper  in  a  stream 
igniting  the  nitrate,  carbonate,  or  hydroxide.  Whe: 
it  loses  some  oxygen,  and  is  partly  reduced  to  cupn 
Gupric  brdroxide  Cu(0H)2  is  precipitated  as  a  g^ 
by  addition  of  sodium  or  potassium  hydroxide  tc 
cupric  salt  CCu"  +  20H'-*  Cu(OH),).  When  the  i 
the  hydroxide  loses  water  and  forms  a  black  hydra 
(Cu(OH),,2CuO  ?).  The  hydroxide  is  soluble  in  am 
ide,  with  formation  of  the  compound  Cu(NHJ,.(OH 
a  deep-blue  color  to  the  solution. 

Cupric  yitrate    CuiyO^„6H,0.  —  The    nit« 

treating  cupric  oxide  or  copper  with  nitric  acid 
obtained  from  the  solution  as  a  deliquescent,  ctystal 
When  dehydrated  at  65°  the  salt  ia  partly  hydroly; 
nitrate  Cu.(0H),CN03), : 


Carbonate  of  Copper. —  No  normal  carbonate 
obtained.  A  buic  carbonate  (malachite)  ia  found  ii 
precipitated  by  adding  soluble  carbonates  to  cupric 
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^prons  cyanide  is  insoluble  in  water,  but  interacts  with  an  excess  of 

^I'tassium  cyanide  solution,  producing  a  colorless  liquid,  from  which 

^i,Cu(CN)2  (  =  KCN,CuCN),  potassium  cuprocyanide,  may  be  obtained 

,  colorless  crystals.    The  complex  anion  Cu(CN)2'  is  so  little  ionized 

-     Cu'  and  2CN'  that  all  insoluble  copper  compounds,  indnding 

^vpric  sulphide^  are  dissolved  by  potassium  cyanide;  and  none  of 

lem  can  be  precipitated  from  the  solution.     Zinc  is  actually  unable 

>  displace  copper  from  such  a  solution.    The  cause  of  the  solution 

7    the  salts  is  the  same  as  when  the  complex  ions   CuCNH,),'^ 

^ii(NH3)/',  and  CuCV  are  formed  (p.  413). 

Cuprie  Acetate* —  By  the  oxidation  of  plates  of  copper,  sepa- 
ated  by  cloths  saturated  with  acetic  acid  (vinegar),  a  basic  acetate 
>f  copper  (verdigrifl)  is  obtained: 

6Cu  +  SHCjHaO,  -f  30,->2Cu5(OH)j(C2H302),  +  2H,0. 

[t  is  used  in  manufacturing  green  paint,  is  insoluble  in  water,  and  is 
unaffected  by  light.  It  dissolves  in  acetic  acid,  and  green  crystals 
of  the  normal  acetate  Cu(C2H,02)2yH20  are  obtained  from  the  solution. 
The  basic  acetate  is  used  in  preparing  paris  green. 

Cuprie  Sulphate  CuSO^.  —  This  salt  is  obtained  by  heating 
copper  in  a  furnace  with  sulphur,  and  admitting  air  to  oxidize  the 
cuprous  sulphide.  The  mixture  of  cuprie  sulphate  and  cuprie  oxide 
which  is  formed  is  treated  with  sulphuric  acid.  The  salt  is  also 
made  by  allowing  dilute  sulphuric  acid  to  trickle  over  granulated 
copper  while  air  has  free  access  to  the  material : 

2Cu  -f  2H2SO4  -f  O2  ->  2CuS0,  -f  2H2O. 

This  is  an  example  of  the  use  of  two  reagents  which  separately  have 
little  or  no  action  (c/.  pp.  344-345).  When  concentrated  and  at  a 
high  temperature,  sulphuric  acid  will  itself  act  as  the  oxidizing  agent 
(c/.  p.  263). 

Cuprie  sulphate  crystallizes  as  pentahydrate  CuS04,5H20  in  blue 
asymmetric  crystals  (Fig.  26,  p.  82),  and  in  this  form  is  called  blue- 
stone  or  blue  vitriol.  The  aqueous  solution  has  an  acid  reaction 
(p.  353).  The  anhydrous  salt  is  white,  and  can  be  crystallized  in 
thin  needles  from  solution  in  hot,  concentrated  sulphuric  acid  (q/l 
p.  82).    Cuprie  sulphate  is  employed  in  copper-plating  (p.  410),  in 


Cupric  sulphate  also  combines  vrith  potassiuin 
sulphates,  giving  donbla  ulu  of  the  form  CuSO^jKj 
are  deposited  in  large,  monoBymmetric  crystals 
solutions.  Double  salts  (p.  231)  exist  as  such  in  tli 
and,  in  water,  are  resolved  into  their  CMimponenta. 


Tfte  SulpMOea  of  Copper. 

nature  in  rhombic  crystals  of  a  gray,  metallic  a] 
made  by  heating  cupric  sulphide,  a  stream  ot  hydrog 
to  assist  the  removal  of  the  excess  of  sulphur. 

Oupric  solplildft  CuS  is  deposited  as  a  black  i 
hydrogen  sulphide  ia  led  through  a  solution  of  a  cu 
in  this  way,  it  is  always  partly  decomposed  inta 
cautiously  treating  copper  with  excess  of  sulphur  a 
obtained  as  a  blue  crystalline  solid.  At  hi^er 
gives  off  sulphur. 

Analytical  Seactlotis  of  Cotnpoundt  9f  Co^ 

of  ordinary  cupric  salts,  cupric-ion  Cu",  is  blue,  and 
salts,  cuprous-ion  Cu',  is  colorless.  Cuprous  solutio] 
easily  oxidized  by  the  air  and  become  blue.  In  solu 
cupric-ion,  hydrogen  sulphide  precipitates  cupric  si 
presence  of  acids  (p.  398).  Bases  throw  down  the  1 
and  carbonates  precipitate  a  green  baac  salt  (p.  4] 
ferrocvanidR  crivAS  thn  brnwn    irplnt.inoiin  coinio  f«vTni> 
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,3roco8mic  salt  or  borax  (pp.  312,  350),  copper  compounds  form  a 
'"id  which  is  blue  in  the  oxidizing  part  of  the  flame  and  becomes 
1  and  opaque  (liberation  of  copper)  in  the  reducing  flame. 

BS 

-r  Silver. 

^  Chemical  Relations  of  the  Element,  —  This  element  presents 

curious  assortment  of  chemical  properties.     It  differs  from  copper 

.  having  a  strongly  basic  oxide,  and  in  giving  salts  with  active  acids 

Iphich  are  not  hydrolyzed  by  water.     In  these  respects  it  approaches 

ne  metals  of  the  alkaUes  and  alkaline  earths.     It  resembles  copper 

I  entering  into  complex  compounds,  and  in  giving  insoluble  halides. 

\  differs  from  both  copper  and  the  metals  of  the  alkalies,  and 

esembles  gold  and  platinum,  in  that  its  oxide  is  easily  decomposed 

ly  heat,  with  formation  of  the  free  metal,  and  in  the  low  position  it 

occupies  in  the  electromotive  series  and  the  consequent  slight  cbem- 

cal  activity  of  the  free  metal. 

Occurrence.  —  Native  silver,  usually  scattered  through  a  rocky 
aatrix,  contains  varying  amounts  of  gold  and  copper.  Native 
(opper  always  contains  dissolved  silver.  Sulphide  of  silver  (Ag,^) 
K^curs  alone  and  dissolved  in  galenite  (PbS).  Smaller  amounts  of 
»he  metal  are  obtained  from  pyrargyrite  AgjSbSj  and  proustite 
^g^AsSs,  and  from  horn-silver  AgCl. 

Metallurgy.  — The  silver  contained  free,  or  as  sulphide,  in  ores  of 
X)pper  and  lead,  is  found  in  the  free  state  dissolved  in  the  metals 
sxtracted  from  these  ores,  and  is  secured  by  refining  them.  In  the 
jlectrolytic  refining  of  copper,  silver  is  obtained  from  the  mud 
ieposited  in  the  baths  (p.  410).  The  proportion  present  in  lead  is 
isually  small.  Parke's  process,  by  which  the  silver  is  separated  from 
ihe  lead,  takes  advantage  of  the  fact  that  molten  zinc  and  lead  are 
)ractically  insoluble  in  one  another,  while  silver  is  much  more 
toluble  in  zinc  than  in  lead.  Lead  dissolves  1.6  per  cent  of  zinc,  and 
line  1 .2  per  cent  of  lead.  The  principle  is  the  same  as  in  the  removal 
>f  iodine  from  water  by  ether  (p.  103).  The  lead  is  melted  and 
horoughly  mixed  by  machinery  with  a  small  proportion  of  zinc. 
Vfter  a  short  time  the  zinc  floats  to  the  top,  canying  with  it  in 
olution  almost  all  of  the  silver,  and  solidifies  at  a  temperature  at 
ehich  the  lead  is  still  molten.    The  zinc-diver  alloy  Is  skimmed  off, 
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and  heated  moderately  in  a  furnace  to  permit  the  adhering  lead  to 
drain  away. '  The  zinc  is  finally  distilled  off  in  day  retorts,  and  the 
lead  remaining  with  the  silver  is  removed  by  cupeDalln.  This 
operation  consists  in  heating  the  molten  metal  strongly  in  a  Uaat  of 
air.  The  lead  is  converted  into  litharge  (FbO) ,  which  Sows  in  molten 
condition  over  the  edge  of  the  cupel. 

Ores  of  silver  which  do  not  contain  much  or  any  lead  are  often 
smelted  with  lead  ores,  and  the  product  is  treated  as  described 
above,  but  many  other  procesaeB  are  in  use.  Thus,  sulphide  om 
are  sometimes  roasted  until  the  iron  and  part  of  the  capper  aie 
converted  into  oxide  while  the  rest  of  the  copper  and  all  the 
silver  remain  as  sulphate.  The  metal  is  secured  by  extracting  the 
mass  with  water  and  precipitating  the  silver  by  means  of  copper 
(p.  245).  Some  ores  are  roasted  with  salt,  and  the  resultbg 
chloride  of  silver  is  dissolved  out  with  sodium  thiosulphate,  or  evetf 
strong  brine. 

During  the  first  half  of  the  nineteenth  century  the  world's  total 
output  of  silver  averaged  only  643  tons  per  year.  Up  to  1870  a 
gram  of  gold  could  buy  15.5  g.  of  silver.  Now  that  the  produo* 
tion  has  reached  6000  tons,  the  same  amount  of  gold  purdiasei 
about  35  g. 

Physical  Properties.  —  Pure  silver  is  almost  perfectly  white. 
It  melts  at  960®.  Its  ductility  is  so  great  that  wires  can  be  drawn  of 
such  fineness  that  2  kilometers  weigh  only  about  1  g.  In  the  molten 
condition  it  absorbs  mechanically  about  twenty-two  times  its  own 
volume  of  oxygen,  but  gives  up  almost  all  of  this  as  it  solidifies. 
Fantastically  irregular  masses  result  from  the  "  sprouting "  or 
"  spitting  "  which  accompanies  the  escape  of  the  gas. 

By  addition  of  ferrous  citrate  to  silver  nitrate,  a  red  solution  and 
lilac  precipitate  of  free  silver  can  be  made.  The  latter,  after  washing 
with  ammonium  nitrate  solution,  gives  a  red,  colloidal  solution  in 
water.  Such  colloidal  solutions  of  metals  are  formed  also  by  passing 
an  electrical  discharge  between  wires  of  silver,  gold,  or  platinum 
held  under  water. 

Silver  is  alloyed  with  copper  to  render  it  harder.  The  silver  coin- 
age of  the  United  States  and  the  continent  of  Europe  has  a  '*  fine- 
ness of  900  "  (900  parts  of  silver  in  1000),  and  that  of  Great  Britain 
925.    Silver  ornaments  have  a  fineness  of  800  or  more. 
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ChemieM  Properties.  —  Silver  does  not  combine,  with  oxygen 
either  in  the  cold  or  when  heated.  It  does  not  ordinarily  displace 
hydrogen  from  aqueous  solutions  of  acids.  Silver  interacts  with 
cold  nitric  acid  and  with  hot,  concentrated  sulphuric  acid,  giving 
the  nitrate  or  sulphate  of  silver  and  oxides  of  nitrogen  or  of  sulphur 
(pp.  257,  298). 

The  Hdlides  of  Silver.  —  The  chloride  AgCl,  bromide  AgBr,  and 
iodide  Agl  are  formed  as  curdy  precipitates  when  a  salt  of  silver  is 
added  to  a  solution  containing  the  appropriate  halide  ion.  The  first 
is  white,  and  melts  at  about  457°.  The  second  and  third  are  very 
pale-yellow  and  yellow  respectively.  The  insolubility  in  water, 
which  is  very  great,  increases  in  the  above  order. 

When  exposed  to  light,  the  chloride  becomes  first  violet  and  finally 
brown,  chlorine  being  liberated.  The  bromide  and  iodide  behave 
similarly.  Solid  silver  chloride  absorbs  ammonia,  forming  first 
2AgCl,3NH3,  and  then  AgC^SNH,. 

Complex  Compounds  of  Silver.  —  Silver  chloride  dissolves 
easily  in  excess  of  ammonium  hydroxide,  giving  the  complex  cation 
Ag(NHj)2'.  The  bromide,  which  is  less  readily  soluble,  gives  the 
same  complex  ion.  The  iodide  is  hardly  soluble  at  all.  Ammonio- 
argentic-ion  AgCNH,),*,  in  solutions  of  concentrations  such  as  are 
commonly  used  (.1  iV  to  iV),  gives  about  the  same  concentration  of 
argention  Ag'  as  does  the  bromide,  and  much  more  than  the  highly 
insoluble  iodide  (c/.  p.  413).  Hence  the  latter  is  almost  insoluble  in 
ammonium  hydroxide,  and  can  be  precipitated  in  ammoniacal  solu- 
tion. All  three  of  the  insoluble  halides  dissolve  in  solutions  of  potas- 
sium cyanide  and  of  sodium  thiosulphate,  as  do  also  all  the  other 
insoluble  silver  salts.  Usually  an  equivalent  amount  of  the  cyanide 
or  thiosulphate  suffices,  but  for  solution  of  the  sulphide  an  excess 
is  required.  With  the  cyanide,  double  decomposition  gives  first  the 
insoluble  silver  cyanide  (AgCN)  which  then  dissolves,  forming  the 
soluble  potaBsium  arffenti-csranide  K. Ag(CN)2.  The  thiosulphate  gives 
a  solution  containing  the  complex  salt  Na3.Ag(S20,)2.  The  more 
active  metals,  like  zinc  and  copper,  displace  silver  from  all  solutions, 
whether  the  solutions  contain  simple  or  complex  salts. 

Oxides  of  Silver.  —  When  sodium  hydroxide  is  added  to  a 
solution  of  a  salt  of  silver,  a  pale-brown  precipitate  is  obtained, 
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which,  after  bdng  freed  from  water,  is  found  to  be 
Ag|0,  and  not  AgOH.  The  aqueous  solution  of  argentic  oodde,  how- 
ever, is  distinctly  alkaline,  and  presumably  thereCiae  does  oootain 
the  hydroxide:  2AgOH  ^  Agfi  +  H,0. 

Argentic  oxide  melts  and  gives  ofiF  its  oxygen  at  2SO-Z7ir.  It  is  an 
active  basic  oxide.  When  moist,  it  absorbs  carbon  dioxide  from  the 
air.    With  ammonimn  hydroxide  it  forms  the  soluUe  AgCNHJ^^H. 

Silver  penxdda  Ag^O,  is  formed  by  the  action  of  oione  on  sihrar. 
In  the  dectrolyos  of  gdlver  nitrate  it  is  deposited  in  ■hiwmg  blaek 
crystals  on  the  anode.    There  is  also  a  suboxide  Ag|0. 

Satis  of  Silver.  —  Silver  nitrate  AgNO,  is  obtained  by  treating 
silver  with  aqueous  nitric  acid: 

3Ag  +  4HN0, ->  3AgN0,  +  NO  +  2H,0. 

From  the  solution,  colorless  rhombic  crystals  (Ilg.  7,  p.  Q  are 
deposited.  These  melt  at  218^.  In  the  form  of  thin  sticks  made  by 
casting  QMXLdix  caustic),  the  substance  is  used  in  medidne,  partly 
because  it  combines  with  albumins  to  form  insoluble  compoundL 
The  aqueous  solution  is  neutral.  The  pure  salt  is  not  a£Fected  by 
light,  but  when  deposited  on  cloth,  on  the  skin  of  the  fingers,  or  on 
the  mouth  of  the  reagent  bottle,  it  is  converted  into  the  chloride, 
and  from  this,  in  turn,  silver  is  liberated.  For  this  reason  it  is  an 
ingredient  in  some  marking-inks. 

SUver  carbonate,  the  neutral  salt  AgjCO,,  and  not  a  basic  carbonate, 
is  precipitated  from  solutions  of  salts  of  silver  by  soluble  carbonatee. 
It  is  slightly  yellow  in  color.  With  water  it  gives  a  faint  AllrAlina 
reaction,  and,  like  calcium  carbonate,  is  soluble  in  excess  of  carbonic 
acid  (p.  391).  When  heated,  the  carbonate  decomposes,  leaving 
metallic  silver.  The  sulphate  AgjSOf  is  made  by  the  action  of  con- 
centrated sulphuric  acid  on  the  metal.  When  it  is  mixed  with  a 
solution  of  aluminium  sulphate  (g.r.),  octahedral  crystals  of  aflw- 
alom  Ag3S04,Al2(SO«)3,24H20  are  obtained.  Silver  sulphide  Ag^S  is 
precipitated  by  hydrogen  sulphide  from  solutions  of  all  silver  com- 
poundis,  whether  free  acids  are  present  or  not,  and  irrespective  of 
the  form  in  which  the  silver  is  combined.  Excess  of  potassium 
cyanide,  however,  prevents  its  precipitation  from  the  argenticyanide. 
The  sulphide  is  formed  by  the  action  of  metallic  silver  on  alkaline 
hydrosulphides,  and  this  interaction  forms  the  basis  of  the ''  hepar  ^ 
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test  for  sulphur.  Silver  orthophosphate  Ag3P04  (yellow),  arsenate 
Ag^04  (brown),  and  chromate  Ag2Cr04  (crimson),  are  produced 
by  precipitation,  and  their  distinctive  colors  enable  us  to  use  silver 
nitrate  in  analysis  as  a  reagent  for  identifying  the  acid  radicals. 

Blectrapi€Uing* — The  process  is  similar  to  the  electro-deposition 
of  copper  (p.  410).  The  article  to  be  plated  is  cleaned  with  extreme 
care  and  attached  to  the  negative  wire.  A  plate  of  silver  forms  the 
positive  electrode  and,  since  simple  salts  of  silver  do  not  give  coherent 
deposits,  the  bath  is  a  solution  of  potassium  argenticyanide.  The 
potassium-ion  (K')  migrates  to  the  negative  wire  and,  since  potassium 
requires  a  much  greater  E.M.F.  for  its  liberation  than  does  silver, 
silver  is  there  deposited  from  the  trace  of  argentic-ion  given  by  the 
complex  silver  ions  in  the  neighborhood: 

Ag(CN)/  fc;  Ag-  +  2CN',      Ag-  +  0  -*  Ag. 

At  the  positive  electrode  silver  goes  into  solution  in  equivalent 
amount,  giving  argentic-ion,  and  the  above  equations  are  reversed. 
Mirrors  are  silvered  through  the  reduction  of  silver  nitrate  by 
organic  compounds  such  as  potassium-sodium  tartrate  (Rochelle 
salt),  glycerine,  formaldehyde  (formalin),  or  grape  sugar. 

Photography,  — Bromo-gelatine  dry  plates  arq,  covered  with 
an  emulsion  of  gelatine  in  which  silver  bromide  is  suspended. 

After  exposure,  often  for  only  a  fraction  of  a  second,  there  is  no 
visible  alteration  in  the  film.  The  image  is  developed.  Chemically, 
this  consists  in  reducing  the  silver  bromide  to  metallic  silver  by 
means  of  reducing  agents.  While  the  whole  of  the  halide  upon  the 
plate  is  reducible,  if  the  reducing  agent  is  kept  upon  it  for  a  sufiicient 
length  of  time,  the  parts  reached  by  the  light  are  affected  first j  and 
with  a  speed  proportional  to  the  intensity  of  the  illumination  under- 
gone by  each  part.  The  unreduced  silver  bromide  is  then  dissolved 
out  with  sodium  thiosulphate  ("  hyposulphite  of  soda  "  or  "  hypo  "), 
and  the  silver  image  is  thus  saved  from  being  fogged  over  by  the 
silver  that  would  be  deposited  if  the  plate  were  to  be  brought  into  the 
light  without  this  treatment  (fixing).  The  result  is  a  "  negative,"  as 
the  parts  brightest  in  the  object  are  now  opaque,  and  the  darkest 
parts  of  the  object  are  transparent. 

The  simplest  developer  is  potassium-ferrous  oxalate  K2.Fe(C204)„ 
a  solution  of  which  may  be  made  by  mixing  ferrous  sulphate  and 
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potassium  oxalate.  For  the  sake  of  simplicity  we  may  regard  the 
action  as  a  reduction  by  means  of  ferrous  oxalate,  which  itself  is 
oxidized  to  ferric  oxalate  (Fej(C204)3): 

3FeCfi,  -f  3Ag,Br  ->  FejCCaO^),  -f  FeBr,  +  3Ag. 

In  brief,  we  have  3Fe"  becoming  2Fe™  +  Fe™,  and  this  amount  of 
bivalent  iron  therefore  takes  up  3Br,  liberating  the  silver  witii  which 
it  was  combined.  The  developers  commonly  employed  are  alkaline 
solutions  of  the  sodium  salts  of  hydroquinone  and  pyrogallic  acid. 

In  printing,  the  light  and  dark  are  again  reversed,  the  denser  parts 
of  the  negative  protecting  the  compounds  on  the  paper  below  it  from 
action,  and  leaving  them  white.  Either  "  bromide  "  papers,  which 
require  only  brief  exposure  and  are  developed  like  the  plate,  are  used, 
or  silver  chloride  is  the  sensitive  substance,  and  prolonged  exposure 
to  light  is  allowed  to  liberate  the  proper  amount  of  silver.  The 
operation  of  fixing  is  performed  as  before.  In  toning,  a  solution  of 
sodium  chloraurate  is  employed.  A  portion  of  the  silver  dissolves, 
displacing  gold  (p.  245),  which  is  deposited  in  its  place: 

NaAuCl,  +  3Ag->'Naa  -f  3Aga  +  Au. 
The  thin  film  of  gold  gives  a  richer  color  to  the  print. 

Analytical  Iteactions  of  Silver  Compounds. — Argentic-ion 
Ag*  is  colorless.  Many  of  its  compounds  are  insoluble,  the  precipi- 
tation of  the  chloride,  which  is  insoluble  in  dilute  acids,  being  used 
as  a  test.  Mercurous  chloride  and  lead  chloride  are  also  white  and 
insoluble,  but  silver  chloride  dissolves  in  ammonium  hydroxide, 
mercurous  chloride  (7. v.)  turns  black,  and  lead  chloride  is  not  altered 
in  color  (and  is  also  soluble  in  hot  water).  With  excess  of  ammonium 
hydroxide,  silver  salts  give  the  complex  cation  Ag(NH3)2'  and,  from 
solutions  containing  silver  in  this  form,  only  the  iodide  and  sulphide 
can  be  precipitated.  Sodium  thiosulphate  and  potassium  cyanide 
dissolve  all  silver  salts,  giving  salts  of  complex  acids  with  silver  in 
the  anion  (p.  419). 

Gold. 

Chemical  Relations  of  the  Element.  —  This  element  forms 
two  very  incomplete  series  of  compounds  corresponding  respectively 
to  aurous  and  auric  oxides,  AujO  and  AUjOj.  The  former  is  a 
feebly  basic  oxide,  the  latter  mainly  acid-forming.     No  simple  salts 
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with  oxygen  acids  are  stable.  All  the  compounds  of  gold  are  easily 
decomposed  by  heat  with  liberation  of  the  metal.  All  other  common 
metals  displace  gold  from  solutions  of  its  compounds  (p.  245).  Mild 
reducing  agents  likewise  liberate  gold.  The  element  enters  into 
many  complex  anions. 

Occurrence  and  Metallurgy.  —  Gold  is  found  chiefly  in  the  free 
condition  disseminated  in  veins  of  quartz,  or  mixed  with  alluvial 
sand.  Small  quantities  are  found  also  in  sulphide  ores  of  iron  and 
copper.  Telluride  of  gold  (sylvanite),  in  which  silver  takes  the 
place  of  a  part  of  the  gold  [Au,Ag]Te3,  is  found  in  Colorado. 

From  the  alluvial  deposits,  gold  is  usually  separated  by  washing 
in  a  cradle,  as  in  the  IQondyke.  Quartz  veins,  which  in  the  Trans- 
vaal Colony  reach  a  thickness  of  a  meter  and  carry  an  average  of 
18  g.  of  gold  per  ton,  are  mined,  and  the  material  is  pulverized  with 
stamping  machinery.  About  55  per  cent  of  the  gold  is  then  sepa- 
rated by  allowing  the  powdered  rock  to  be  carried  by  a  stream  of 
water  over  copper  plates  amalgamated  with  mercury.  The  gold 
dissolves  in  the  latter,  and  is  secured  by  removal  and  distillation  of 
the  amalgam.  The  finer  particles,  contained  in  the  sludge  which 
runs  off  ("  tailings  ")>  are  extracted  by  adding  a  dilute  solution  of 
potassium  cyanide  (MacArthur-Forest  process)  and  exposing  the 
mixture  to  the  air.  Oxidation  and  simultaneous  interaction  with 
the  cyanide  give  potassium  aurocyanide  KAu(CN)2.  From  this 
solution  the  gold  is  isolated,  either  by  electrolysis,  or  in  the  form  of 
a  purple  powder  by  precipitation  with  zinc. 

Auriferous  pyrites  is  roasted,  and  then  treated  with  chlorine  gas. 
The  chloride  of  gold  which  is  formed  is  dissolved  out  with  water. 
From  the  solution,  the  gold  is  precipitated  with  ferrous  sulphate  or 
oxalic  acid: 

2AuCl,  +  6FeS04  ->  2Fej  (804)3  +  2Fea,  +  2Au. 

In  the  former  case  a  purple  powder,  and  in  the  latter,  if  the  solution 
is  heated,  a  spongy  mass  (the  form  used  by  dentists),  is  obtained. 

The  gold  separated  from  ores  in  the  above  ways  contains  silver, 
copper,  lead,  and  other  metals,  and  various  methods  of  refining, 
electrolytic  and  otherwise,  are  used.  In  one  of  these  the  gold  is 
melted,  and  a  stj^am  of  chlorine  is  passed  through  it.  The  metals, 
excepting  gold,  are  converted  into  chlorides.    The  chloride  of  silver 
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rises  as  a  liquid  to  the  surface,  while  chlorides  of  araenio  and  aati- 
mony  are  volatilized.  A  layer  of  melted  borax  prevents  loss  of 
silver  chloride  by  volatilisation.  The  silver  chloride,  when  it  hu 
solidified,  Ib  placed  between  wrought-iron  plates  and  immersed  in  an 
electrolyte  (usually  dilute  sulphuric  acid). 

The  world's  production  of  gold  during  the  first  half  of  the  nine- 
te^ith  century  averaged  27  tons  annually.  In  1897  it  was  363  tons, 
and  in  18M,  472.6  tons.  In  the  former  year  North  America,  indud* 
ing  Canada,  produced  28.5  per  cent  of  the  whole,  the  Transvaal 
C!olony  23.2  per  cent,  and  Australia  21.2  per  cent. 

J^raperHes  of  the  Metal.  —  Gold  Ib  yellow  in  color,  and  is  the 
most  malleable  and  ductile  of  all  the  metals.  It  melts  at  1064^.  To 
give  it  greater  hardness  it  is  alloyed  with  copper,  the  proportion  of 
gold  being  defined  in  "  carats."  Pure  gold  is  "  24-earat."  British 
sovereigns  are  22-carat  and  contain  A  of  copper.  American,  IVendi, 
and  German  coins  are  21.6-carat,  or  90  pet  cent  gold. 

Gold  is  not  affected  by  free  oxygen  nor  by  hydrogen  sulphide.  It 
does  not  displace  hydrogen  from  dilute  acids,  nor  does  it  interact 
with  nitric  or  sulphuric  acids  or  any  oxygen  acids  except  selenic  acid. 
It  combines,  however,  with  free  chlorine,  and  it  therefore  interacts, 
with  a  mixture  of  nitric  and  hydrochloric  acids  {aqya  regia),  which 
gives  off  this  gas  (p.  299).  Chlorauric  acid  H.AuCI^C^  Ha,AuClJ 
is  formed,  and  the  action  is  assisted  by  the  fact  that  the  gold  ions 
are  taken  into  the  little-dissociated  anion  AuCl/.  Gold  is  the  least 
active  of  the  familiar  metals. 

Cotnpounds  with  the  Halogens*  —  Ohloranric  acid,  formed  as 
above,  is  deposited  in  yellow,  deliquescent  crystals  of  H.  AuCl4,4H20. 
The  yellow  sodium  chloraurate  NaAuCl4,2H20,  obtained  by  neutrali- 
zation of  the  acid,  is  used  in  photography  (p.  422).  The  acid  gives 
up  hydrogen  chloride  when  heated  very  gently,  leaving  the  red, 
crystalline  auric  chloride  AuCl,.  When  auric  chloride  is  heated  to 
180^  aurooB  chloride  AuCl  and  chlorine  are  formed.  This  salt  is  a 
white  powder.  It  is  insoluble  in  water,  but  in  boiling  water  is  con- 
verted quickly  into  auric  chloride  and  free  gold:  3AuCl— >AuCl,-f  2Au. 

Other  Compounds.  —  When  caustic  alkalies  are  added  to  chlor^ 
auric  acid,  or  to  sodium  chloraurate,  auric  hydroxide.  Au  (OH)  j  is  pre- 
cipitated.   This  substance  is  an  acid,  and  interacts  with  excess  of 
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the  base,  forming  anrateB.  These  are  derived  from  met-auric  acid 
(Au(OH)j  —  H3O  =  HAuOj),  as,  for  example,  potMsiom  amte 
K. AuO^SHjO.  This  salt  interacts  by  double  decomposition,  giving, 
for  instance,  with  silver  nitrate,  the  insoluble  silver  salt  AgAuO,. 
Its  solution  is  alkaline  in  reaction,  showing  that  auric  acid  is  a  weak 
acid  (c/.  p.  353). 

Auric  oxide  AujO,  is  a  brown,  and  aoroiu  oxide  Au^O  is  a  violet 
powder. 

On  account  of  its  reducing  action,  hydrogen  sulphide  precipitates 
from  chlorauric  acid  a  dark-brown  mixture  containing  much  aurooB 
sulphide  AujS  and  free  sulphur,  as  well  as  some  auric  sulphide  Au^S,. 

The  aurocyanidea,  like  K.Au(CN)j(=  KCN,AuCN),  and  the  auri- 
csranides,  like  K.Au(CN)4(=KCN,Au(CN)s),  are  formed  by  the  action 
of  potassium  cyanide  on  aurous  and  auric  compounds,  respectively. 
They  are  colorless  and  soluble^  Their  solutions  are  used  as  baths, 
in  conjunction  with  a  gold  anode,  for  electrogilding. 

A88aping. — In  assaying,  the  material  containing  the  gold  is  heated 
with  borax  and  lead  in  a  small  crucible  (cupel)  of  bone-ash.  The 
lead  and  copper  are  oxidized,  and  the  oxides  are  absorbed  by  the 
cupel,  leaving  a  drop  of  molten  alloy  of  gold  and  silver.  The  cold 
button  is  flattened  by  hammering  and  rolling,  and  treated  with 
nitric  acid  to  remove  the  silver.  The  gold,  which  remains  un- 
attacked,  is  washed,  fused  again,  and  weighed.  The  acid  will  not 
interact  with  the  silver  and  remove  it  completely  if  the  quantity  of 
gold  exceeds  25  per  cent.  When  the  proportion  of  gold  \b  greater 
than  this,  a  suitable  amount  of  pure  silver  is  fused  with  the  alloy 
("  quartation  "). 

Exercises.  —  1.  Write  equations  for  the  interactions,  (a)  of  salt 
water  and  oxygen  with  copper  (p.  411),  (6)  of  ferrous  oxide  and  sand 
(p.  410). 

2.  Write  the  formulae  of  the  basic  chloride,  nitrate,  carbonates, 
and  sulphate  of  copper  as  if  these  substances  were  composed  of  the 
normal  salt,  the  oxide  and  water  (p.  411). 

3.  Can  you  develop  any  relation  between  the  facts  that  solutions 
of  cupric  salts  are  acid  in  reaction  and  that  they  give  basic  carbonates 
by  precipitation? 

4.  Formulate  the  action  of  potassium  cyanide  in  dissolving  cupric 
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hydroxide  and  cuprous  sulphide,  assuming  that  potassium  cupro- 
cyanide  is  formed. 

5.  How  should  you  set  about  making  cupric  orthophosphate  (m 
solution),  ammonium  cuprocyanide,  and  lead  cuprocyanide? 

6.  Write  the  formulae  of  some  of  the  double  salts  analogous  to 
potassium-cupric  sulphate  (p.  416). 

7.  What  chemical  agents  are  present  in  a  Bunsen  flame?  If 
borax  beads  were  made  in  the  oxidizing  flame  with  cupric  chloride, 
cuprous  bromide,  and  cupric  sulphate,  severally,  what  actions  would 
take  place? 

8.  Write  the  equations  for  the  interaction  of,  (a)  silver  and  con- 
centrated sulphuric  acid,  (b)  silver  chloride  and  sodium  carbonatfC 
when  heated  strongly,  (c)  sodium  thiosulphate  and  silver  bromide. 

9.  What  reagents  should  you  use  to  precipitate  the  phosphate, 
arsenate,  and  chromate  of  silver? 

10.  Write  the  equations  for  the  interactions  of,  (a)  potassium 
hydroxide  and  auric  hydroxide,  (b)  potassium  cyanide  and  sodium 
chloraurate. 

11.  In  what  respects  are  the  elements  of  this  family  distinctly 
metallic,  and  in  what  respects  are  they  allied  to  the  non-metals 
(p.  353)? 

12.  Collect  all  the  evidence  tending  to  show  that  the  cuprous 
compounds  are  more  stable  than  the  cupric. 

13.  Make  a  classified  list  of  the  methods  by  which  cupric  com- 
pounds are  transformed  into  cuprous,  and  trice  versa. 

14.  Of  which  metals  should  it  be  possible  to  obtain  colloidal 
solutions,  and  of  which  not  (p.  245)? 


CHAPTER  XXXVII 

QLUOnfUM,   MAQNEBinM,   ZINO,   CADMIUM,   MEEOUBY. 
THE   REOOQNinOH   OF   OATIOITS  IN  QUALITATIVE 

ANALYSIS 

The  Chemical  Relations  of  the  JFamily,  —  The  remaining 
elements  of  the  third  column  of  the  periodic  table,  namely,  glucinum 
or  beryllium  (Gl,  or  Be,  at.  wt.  9.1),  magnesium  (Mg,  at.  wt.  24.36), 
line  (Zn,  at.  wt.  65.4),  cadmium  (Cd,  at.  wt.  112.4),  and  mercury  (Hg, 
at.  wt.  200.0),  although  all  bivalent,  do  not  form  a  coherent  family. 
Glucinum  and  magnesium  resemble  zinc  and  cadmium,  and  differ 
from  the  calcium  family,  in  that  the  sulphates  are  soluble,  the 
hydroxides  easily  lose  water  leaving  the  oxides,  and  the  metals  are 
not  rapidly  rusted  in  the  air  and  do  not  easily  displace  hydrogen 
from  water.  They  resemble  the  calcium  family,  and  diflfer  from 
zinc  and  cadmium,  in  that  the  sulphides  are  hydrolyzed  by  water, 
the  oxides  are  not  reduced  by  heating  with  carbon,  complex  cations 
are  not  formed  with  ammonia,  and  the  metals  do  not  enter  into 
complex  anions.  But  glucinum  differs  from  magnesium  and 
resembles  zinc  in  that  its  hydroxide  is  acidic  as  well  as  basic.  This 
is  not  unnatural,  since  in  the  periodic  system  it  lies  between  lithium, 
a  metal,  and  boron,  a  non-metal.  Mercury  is  the  only  member  of 
the  group  that  forms  two  series  of  compounds.  These  are  derived 
from  the  oxides  HgO  and  HgjO.  Mercury  approaches  the  noble 
metals  in  the  ease  with  which  its  oxide  is  decomposed  by  heating, 
and  in  the  position  of  the  free  element  in  the  electromotive  series. 

The  vapor  densities  of  zinc,  cadmium,  and  mercury  show  the 
vapors  of  these  three  metals  to  be  monatomic. 

Glucinum  Gl. 

Glucinum  (or  beryllium)  is  bivalent  in  all  its  compounds.  Its 
oxide  and  hydroxide  are  basic,  and  are  also  feebly  acidic  towards 
active  bases  (see  Zinc  hydroxide).  The  element  derives  its  name 
from  the  sweet  taste  of  its  salts  (Gk.  yXvicus,  sweet). 

427 
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Glucinum  occurs  in  beryl,  a  metaailicate  of  g^uciniim  and  ahmuB- 
ium  Gl^Al^CSiOs),.  Beryls,  tinted  green  by  the  preeenoe  of  a  littie 
silicate  of  chromium,  are  known  as  emenkU.  The  metal,  obtained 
by  electrolysis  of  the  easily  fusible  double  fluoride  GIF,,  2KFy  bum 
when  heated  in  the  air.  It  displaces  hydrogen  from  dilate  adds, 
and  when  heated,  from  caustic  potash:  Gl  +  2K0H— »^G10^+  Bf. 

Magnesium  Mg. 

Chemieai  Mei€Mon8  of  the  BlemetUm — Magnesium  fa  bivaknt 
in  all  its  compounds.  The  oxide  and  hydroxide  are  bake  exdu- 
sively.    The  element  does  not  enter  into  complex  cations  or  anions. 

Occurrence.  —  Magnesium  carbonate  occurs  alone  as  magoesite, 
and  in  a  double  salt  with  calcium  carbonate  MgQO^CaCX),  as  dolo- 
mite. The  sulphate  and  chloride  are  found  as  hydrates  and  ai 
constituents  of  double  salts  (see  below)  in  the  Stassfurt  dqponts. 
Olivine  is  the  orthosilicate  Mg^SiO^.  Talc  (soapstone)  fa  an  add 
metasilicate  H^Mg,  (8103)4.  Serpentine  fa  a  hydrated  dialicate, 
(Mg,Fe]„Si307,2H20,  as  fa  also  meerschaum.  Asbestos  fa  an  an- 
hydrous silicate.  The  element  derives  its  name  from  Magnesfa,  a 
town  in  Asia  Minor. 

The  Metal.  —  Magnesium  is  manufactiu^  by  electrolysis  of 
dehydrated  and  fused  camallite  MgCl2,KCl,6H30.  The  iron  crucible 
in  which  the  material  fa  melted  forms  the  cathode,  and  a  rod  of  car- 
bon the  anode.  The  metal  is  silver-white,  and  when  heated  can  be 
pressed  into  wire  and  rolled  into  ribbon. 

Chemically  the  metal  is  less  active  than  are  the  metafa  of  the  alka- 
line earths.  It  slowly  becomes  coated  with  a  layer  of  the  carbonate. 
It  displaces  hydrogen  easily  from  boiling  water  and,  of  course,  from 
cold,  dilute  acids.  Magnesium  bums  in  air  with  a  white  li^t 
.  (p.  306,  footnote).  The  ash  contains  the  nitride  Mg,Nj,  as  well  as 
the  oxide. 

Powdered  magnesium  is  used  in  pyrotechny  and,  with  potassium 
chlorate  (10  :  17),  in  making  flashlight  powder  foruse  in  photography. 

MagneHum  Chloride  MgCl^SHjO.  —  This  highly  deliquescent 
salt  occurs  in  salt  deposits,  alone,  and  as  camallite  MgCljy  KCl,  6H,0. 
The  latter  fa  an  important  source  of  potassium  chloride  (p.  362),  and 
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almost  all  the  magnesium  chloride  combined  with  it  is  thrown  away. 
When  the  hexahydrate  is  heated,  a  part  of  the  chloride  is  hydrolyzed, 
some  magnesium  oxide  remaining,  and  some  hydrogen  chloride  being 
given  off.  Sea-water  cannot  be  used  in  ships'  boilers  because  of 
the  hydrochloric  acid  thus  liberated  by  the  magnesium  chloride 
which  the  water  contains.  Axihydrous  magnesium  chloride  MgCl^  is 
obtained  by  heating  the  double  chloride  MgCla,NH4Cl,6H20,  for  this 
salt  can  be  dehydrated  without  hydrolysis  of  the  chloride.  The 
ammonium  chloride  is  volatilized  (p.  283). 

The  Oxide  and  Hydroxide.  —  Magnesiiim  oxide  MgO  is  made 
by  heating  the  carbonate,  and  is  known  as  "  calcined  magnesia."  It 
is  a  white,  highly  infusible  powder,  and  is  used  for  lining  electric 
furnaces  and  making  crucibles.  It  combines  slowly  with  water  to 
form  the  hydroxide  MgCOH),. 

The  hydroxide  is  found  in  nature  as  brucite.  It  is  also  precipi- 
tated from  solutions  of  magnesium  salts  by  alkalies.  It  is  very 
slightly  soluble  in  water.    The  solution  has  a  faint  alkaline  reaction. 

Magnesium  hydroxide  is  not  precipitated  by  ammonium  hydroxide 
when  ammonium  salts  are  present  also.  The  ammonium  salts,  being 
highly  ionized  and  giving  a  high  concentration  of  ammonium-ion 
NH4',  repress  the  ionization  of  the  feebly  ionized  ammonium  hydrox- 
ide, and  so  reduce  the  concentration  of  hydroxide-ion  which  it  fur- 
nishes. With  the  ordinary  concentration  of  Mg"^  therefore,  the 
amount  of  hydroxide-ion  existing  in  presence  of  excess  of  a  salt  of 
ammonium  is  too  small  to  bring  the  solubility  product  [Mg"]  X  [OHT 
up  to  the  value  required  for  precipitation  (cf.  p.  394).  Conversely, 
magnesium  hydroxide  interacts  with  solutions  of  ammonium  salts 
and  passes  into  solution: 

Mg(OH),(soUd)fcTMg(OH),(dslvd)t^  Mg-+  20H')      oNHOH 

2NH,C1  1=5  2C1'  .+  2NH/i'='^^"*^"- 

In  presence  of  excess  of  ammonium  chloride,  the  OH'  combines  with 
NH4*  to  form  molecular  ammonium  hydroxide,  and  the  equilibria  in 
the  upper  line  are  displaced  forwards  to  generate  a  further  supply  of 
the  former.  With  sufficiently  great  concentration  of  the  ammonium 
chloride,  all  the  magnesium  hydroxide  may  thus  dissolve.  The 
whole  case  is  analogous  to  the  interaction  of  acids  with  insoluble 
salts  (p.  397). 
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Other  Salts  of  Mttgnesiunu  —  The  normal  eaiboiuite  HgCOj  is 

found  in  nature.  Only  hydrated  basic  carbonates  are  formed  by 
precipitation,  and  their  composition  varies  with  the  oonditions. 
The  carbonate  manufactured  in  large  amounts  and  sold  as  magBMb 
alba  is  approximately  Mg^(OH)j(C08)s.3H,0. 

The  common  heptahydrate  of  magnesium  ralpluito  MgSO^fTHjO 
crystallizes  from  cold  water  in  rhombic  prisms,  and  is  called  I^iiobi 
salts.  The  heptahydrate  is  efflorescent.  The  monohydrato  which 
remains,  and  is  found  also  in  the  salt  layers  as  kieserite  MgSO«yH,0, 
has  a  very  low  aqueous  tension,  and  is  not  rapidly  dehydrated  except 
above  200^.  Magnesium  sulphate  is  used  in  the  manufacture  of 
sodium  and  potassium  sulphates,  and  is  employed  also  for  *'  loading*' 
cotton  goods,  and  as  a  purgative. 

The  sulphide  MgS  may  be  formed  by  heating  the  metal  with  sul- 
phur. It  is  insoluble  in  water,  but  is  decomposed  and  ^ves,  finally, 
hydrogen  sulphide  and  magnesium  hydroxide: 

MgS  +  2H2O  ^  Mg(OH),  4  +  H^. 

The  only  phosphate  of  importance  is  ammonium-magnesium  ortho- 
phosphate  NH4MgP04,6H20,  which  appears  as  a  crystalline  pre- 
cipitate when  sodium  phosphate  and  ammonium  hydroxide  (and 
chloride,  p.  429)  are  mixed  with  a  solution  of  a  magnesium  salt. 

Analytical  ^Reactions  of  Magnesium   Compounds.  —  The 

magnesium  ion  is  colorless  and  bivalent.  Soluble  carbonates  pre- 
cipitate basic  carbonates  of  magnesium,  but  not  when  ammonium 
salts  are  present.  The  latter  limitation  distinguishes  compounds  of 
magnesium  from  those  of  the  calcium  family.  Potassium  hydroxide 
precipitates  the  hydroxide  of  magnesium,  except  when  salts  of 
ammonium  are  present.  The  mixed  phosphate  of  ammonium  and 
magnesium,  in  presence  of  ammonium  hydroxide,  is  the  least  soluble 
salt. 

Zinc  Zn. 

Chemical  Melations  of  the  Element. —  Zinc  is  bivalent  in  all 
its  compounds.  Of  these  there  are  two  sets,  —  the  more  numerous 
and  important  one,  in  which  zinc  is  the  positive  radical  (Zn.SO«, 
Zn.Clj,  etc.),  and  a  less  numerous  set,  the  zincates,  in  which  zinc  is  in 
the  negative  radical  (Naj.ZnOj,  etc.).     Both  sets  of  salts  are  hydro- 
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lyzed  by  water,  as  the  hydroxide  is  feeble  whether  it  is  considered  as 
an  acid  or  as  a  base.  The  element  also  enters  into  complex  cations 
and  anions.     The  salts  are  all  poisonous. 

Occurrence  and  Extraction  frotn  the  Ores.  —  The  chief 
sources  of  zinc  are  calamine  or  smithsonite  ZnCO,,  zinc-blende  (Ger. 
blenden,  to  dazzle)  or  sphalerite  ZnS,  franklinite  ZnCFeOj),,  and 
zincite  ZnO. 

The  ores  are  first  converted  into  oxide,  —  the  carbonate  by 
ignition,  and  the  sulphide  by  roasting.  The  sulphur  dioxide  is  used 
to  make  sulphuric  acid.  A  mixture  of  the  oxide  with  coal  is  then 
distilled  in  earthenware  retorts  at  1300-1400°,  the  zinc  condensing 
in  earthenware  receivers,  while  carbon  monoxide  bums  at  a  small 
opening: 

2ZnS  +  30,  ->  2ZnO  4-  2S0„ 
ZnO  4-  C     ->  CO  4-  Zn. 

At  first  zinc  dust  (a  mixture  of  zinc  and  zinc  oxide)  collects  in  the 
receiver,  and  afterwards  liquid  zinc.  The  product,  which  is  cast  in 
blocks,  is  called  spelter. 

Properties  and  Uses  of  the  Metal.  —  Zinc  is  a  bluish-white 
crystalline  metal.  When  cold  it  is  brittle,  but  at  120-150°  it  can  be 
rolled  into  sheets  between  heated  rollers  and  then  retains  its  pliability 
when  cold.  At  200-300°  the  metal  becomes  once  more  brittle,  at 
433°  it  melts,  and  at  920°  it  boils.    The  vapor  at  1740°  is  monatomic. 

The  metal  bums  in  air  with  a  greenish  flame,  giving  zinc  oxide.  In 
cold,  moist  air  it  is  oxidized,  and  becomes  covered  with  a  firmly 
adhering  layer  of  basic  carbonate  which  protects  it  from  further 
action.  The  metal  displaces  hydrogen  from  dilute  acids.  Zinc  also 
attacks  boiling  alkalies,  giving  the  soluble  zincate  (see  below): 
2K0H  +  Zn  ->  KjZnO,  +  H,. 

Sheet  zinc,  in  consequence  of  its  lightness  (sp.  gr.  7),  is  used  in 
preference  to  lead  (sp.  gr.  11.5)  for  roofs,  gutters,  and  architectural 
ornaments.  Galvanized  iron  is  made  by  dipping  cleaned  sheet  iron 
in  molten  zinc.  The  latter,  being  more  active  (p.  245),  is  rusted 
instead  of  the  iron.  Zinc  Is  used  also  in  batteries  and  for  making 
alloys  (p.  352).  It  mixes  in  all  proportions  with  tin,  copper,  and 
antimony. 
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Zinc  Chloride  ZnCl^ — This  salt  is  usually  manufactured  by 
treating  zinc  with  excess  of  hydrochloric  acid,  evaporating  the 
solution  to  dryness,  and  fusing  the  residue.  When  hydrochloric 
acid  is  thus  present,  the  chloride  ZnCl,  is  obtwied.  Evaporation  of 
the  pure  aqueous  solution,  which  is  acid  in  reaction,  results  in  con- 
siderable hydrolysis  and  formation  of  much  of  the  basic  chloride 
ZnaOClj: 

ZnClj  +  HjO  ?^  HQ  +  Zn(OH)a,  (1) 

2Zn(0H)Cl  -►  ZuaOCl,  +  H5O.  (2) 

The  salt  is  used  in  solid  form  as  a  caustic  and,  by  injection  of  a  solu- 
tion into  wood  {e,g,,  railway  sleepers),  as  a  poison  to  prevent  the 
growth  of  organisms  which  promote  decay.  In  both  cases  the  salt 
combines  with  albumins,  forming  solid  products. 

Zinc  Oa^ide  and  Hydroxide  and  the  Zineatee. — The  oiide 

ZnO  is  obtained  as  a  white  powder  by  burning  zinc  or  by  heating  the 
precipitated  basic  carbonates.  It  turns  yellow  when  heated, 
recovering  its  whiteness  when  cold,  in  the  same  way  that  mercuric 
oxide  is  brown  whilst  hot  and  bright  red  when  cold.  It  is  emplo}'ed 
in  making  a  paint  —  zinc-white  or  Chinese  white  —  which  is  not 
darkened  by  hydrogen  sulphide. 

The  hydroxide  Zn(0H)2  appears  as  a  white,  flocculent  solid  when 
alkalies  are  added  to  solutions  of  zinc  salts.  It  interacts  as  a  basic 
hydroxide  with  acids,  giving  salts  of  zinc: 

Zn(0H)2  -h  HoSO,  ±=?  Zn.SO,  +  2H3O. 

It  also  interacts  with  excess  of  the  alkali  employed  to  precipitate  it, 
giving  a  soluble  sincate,  such  as  potassium  aincate  IVjZnO,: 

H^ZnO  ,  t  +  2K0H  ^  Kj.ZnO,  +  2H,0. 

Zinc  hydroxide  is  ionized  both  as  an  acid  and  as  a  base: 

2H-  +  ZnO/'  ^  Zn(OH)j  (dslvd)  ^  Zn"  +  20H' 

IT 

Zn(0H)2  (solid) 

The  ionization  as  an  acid  is  less  than  that  as  a  base,  but  both  are 
small.  Addition  of  an  acid  like  sulphuric  acid,  however,  furnishes 
hydroj:ciM\-ion:  tho  hydroxyl  ions  combine  with  this  to  form  water, 
and  all  tho  equilibria  are  displaced  to  the  right.     With  a  base,  on  the 
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other  hand,  the  hydrogen-ion  is  removed  and  the  basic  ionization 
simultaneously  repressed,  so  that  the  equilibria  are  displaced  to  the 
left. 

Zinc  hydroxide  interacts  with  ammonium  hydroxide,  giving  the 
soluble  ammonia-iinc  hydroxide  Zn(NH3)4.(OH)2.  The  case  is  like 
those  of  copper  (p.  414)  and  silver  hydroxides  (p.  420). 

Compounds  of  zinc,  when  heated  in  the  Bunsen  flame  with  a  salt 
of  cobajt,  gives  a  lincate  of  cobalt  (Rinmann's  green)  CoZnO,. 

Other  Scdts  of  Zinc.  —  The  normal  line  carbonate  ZnCO,  may 
be  precipitated  by  means  of  sodium  bicarbonate,  but  normal  carbo- 
nate of  sodium  gives  basic  carbonates,  such  as  Zn2(OH)3CO,: 

2ZnS0,  +  2Na,C03  +  H^O  ->  Zn3(OH)jC03  +  2Na,S0,  +  CO,. 

Zinc  sulphate  ZnSO^  is  formed  when  zinc-blende  is  roasted.  It 
gives  rhombic  crystals  of  the  hydrate  ZnS04,  THjO.  This,  and  the 
corresponding  compounds  of  magnesium  MgSO^jTHjO,  of  iron  FeS04, 
THjO,  and  of  other  bivalent  metals  are  known  as  vitriols.  The  zinc 
salt  is  white  vitriol.  It  is  used  in  cotton-printing  and  as  an  eye- 
wash (J  per  cent  solution).  The  sulphate  gives  double  salts,  such  as 
potassium-ainc  sulphate  ZnS04,KjS04,6HjO  (c/.  p.  231). 

Zinc  sulphide  ZnS  is  more  soluble  in  water  than  is  sulphide  of 
copper,  and  hence  it  interacts  with  excess  of  strong  acids,  and  passes 
into  solution.  It  is  not  soluble  enough,  however,  to  be  much  affected 
by  weak  acids  like  acetic  acid  (c/.  p.  398).  Zinc  sulphide  is  thus 
capable  of  being  precipitated  when  acetic  acid  is  present,  or  when 
hydrogen  sulphide  is  led  into  a  solution  of  the  acetate  of  zinc: 

ZnCCjHjOj),  +  H^  5z^  ZnS  I  4-  2HC2H3O,. 

But  when  an  active  acid  is  present,  or  is  formed,  the  sulphide  is 
precipitated  incompletely  or  not  at  all,  the  action  being  reversible: 

ZnSO^  4-  H:^  ^  ZnS  4-  H^SO.. 

There  are  thus  two  ways  of  obtaining  the  sulphide  by  precipita- 
tion. A  soluble  sulphide  causes  it  to  be  thrown  down  completely, 
because  no  acid  is  liberated  in  the  action: 

ZnCl,  +  (NH4),S  ?=>  ZnS  I  -f  2NH4CI. 

The  other  method  is  to  add  sodium  acetate  to  the  solution  of  the  salt, 
and  then  lead  in  hydrogen  sulphide.     The  acid  which  is  liberated  by 
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the  action  upon  the  salt  interacts  with  the  sodium  acetate,  giving  a 
neutral  salt  of  sodium  and  acetic  acid,  and  the  zinc  sulphide  is  not 
aflFected  by  the  latter  (c/.  p.  399). 

AfuUytical  BeacHons  of  Zinc  SaUsm  —  Zinc  sulphide  is  pre- 
cipitated by  the  addition  of  ammonium  sulphide  to  solutions  of  zinc 
salts  and  of  zincates.  Sodium  hydroxide  gives  the  insoluble  hydrox- 
ide, which,  however,  interacts  with  excess  of  the  alkali,  giving  tiie 
soluble  zincate  of  sodium.  Compounds  of  zinc,  when  heated  oo 
charcoal  with  cobalt  nitrate,  give  Rinmann's  green  (p.  433). 

Cadmium  Cd. 

Chemical  delations  of  the  Element*  —  This  element  is  Uvft- 
lent  in  all  its  compounds.  Its  oxide  and  hydroxide  are  basic  exdu- 
sively,  and  the  salts  are  not  hydrolyzed  by  water.  It  enters  into 
complex  compounds  having  the  ions  Cd(NHj)/*  and  Cd(CN)/'.  Its 
resemblances  to,  and  differences  from  zinc  are  especially  note- 
worthy. 

The  Metal.  —  Aside  from  the  rare  mineral  greenocldte  CdS, 
cadmium  is  found  only  in  small  amounts,  as  carbonate  and  sulphide, 
in  the  corresponding  ores  of  zinc.  During  the  reduction,  being  more 
volatile  than  zinc,  it  distils  over  first  (b.-p.  770°).  The  metal  is 
white,  and  is  more  malleable  than  zinc.  It  displaces  hydrogen  from 
dilute  acids  {cf,  p.  245). 

Compounds  of  Cadmium,.  —  The  chloride  CdCl2,2H20  is  efflores- 
cent and  is  not  hydrolyzed  during  dehydration  or  in  solution.  Zinc 
chloride  (p.  432)  is  deliquescent  and  is  easily  hydrolyzed. 

The  hydroxide  Cd(0H)2  is  made  by  precipitation,  and  interacts 
with  acids  (as  a  basic  hydroxide),  but  not  at  all  with  bases.  It  dis- 
solves in  ammonium  hydroxide,  however,  forming  Cd(NIIj)^.(OII);. 
The  oxide  CdO  is  a  brown  powder,  obtained  by  heating  the  hydrox- 
ide, carbonate,  or  nitrate,  or  by  burning  the  metal. 

The  sulphate  crystallizes  from  solution  as  SCdSO^.SHjO.  Soluble 
carbonates  throw  down  the  normal  carbonate  of  cadmium  CdCO,. 

Hydrogen  sulphide  precipitates  the  yellow  sulphide  CdS  even  from 
acid  solutions  of  the  salts.     The  substance  is  used  as  a  pigment.    The 
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sulphide  of  cadmium,  however,  is  less  insoluble  in  water  (c/.  p.  397) 
than  are  the  sulphides  of  copper  and  mercury,  and  therefore  cannot 
be  precipitated  from  a  very  strongly  acid  solution. 

Analytical  MecicHana  of  Cadmium  Com^pounds*  —  The  cad- 
mium ion  Cd"  is  bivalent  and  colorless.  The  yellow  cadmium  sul- 
phide is  precipitated  by  hydrogen  sulphide,  even  from  acid  solutions 
of  the  salts.  The  white,  insoluble  hydroxide  is  not  soluble  in  sodium 
hydroxide. 

Mercury  Hg. 

Chemical  Relations  of  the  Element.  —  Like  copper,  this 
element  enters  into  two  series  of  compounds,  the  mercurous  Hg*  and 
the  mercuric  Hg*'.  The  mercurous  halides,  like  the  cuprous  halides 
(and  the  argentic  halides),  are  insoluble  in  water  and  are  decom- 
posed by  light.  Both  of  the  oxides,  HgjO  and  HgO,  are  basic  exclu- 
sively, but  in  a  feeble  degree.  The  hydroxides,  like  silver  hydroxide, 
are  not  stable,  and  lose  water,  giving  the  oxides.  The  salts  of  both 
sets  are  markedly  hydrolyzed  by  water,  and  basic  salts  are  therefore 
common.  No  carbonate  is  known.  Mercury  enters  into  the  anions 
of  a  number  of  complex  salts,  such  as  HgCl/',  Hgl/',  Hg(CN)/', 
etc.  It  forms  a  class  of  mercury-ammonia  compounds,  like  Hg^NHjCl, 
all  of  which  are  insoluble. 

The  mercury  salts  of  volatile  acids,  like  the  corresponding  salts  of 
ammonium  (p.  283),  can  all  be  volatilized  completely.  Mercury 
vapor  and  all  mercury  compounds  are  poisonous,  the  soluble  ones 
more  markedly  so  than  the  insoluble  ones. 

Occurrence  and  Isolation  of  the  Metal.  —  Mercury  occurs 
native  and  to  a  larger  extent  as  red,  crystalline  cinnabar,  mercuric 
sulphide  HgS.  The  chief  mines  are  in  Spain,  California,  and 
Austria. 

The  liberation  of  the  metal  is  easy,  because,  when  roasted,  the 
sulphide  is  decomposed,  and  the  sulphur  forms  sulphur  dioxide. 
The  mercury  does  not  imite  with  oxygen,  for  the  oxide  decomposes 
(p.  7)  at  400-600°: 

HgS  4-  Oj  ->  Hg  +  SO,. 

In  some  places  the  ore  is  spread  on  perforated  brick  shelves  in  a  verti- 
cal furnace,  and  the  gases  pass  through  tortuous  flues  in  which  the 
vapor  of  the  metal  condenses. 
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Physical  Bropertiea.  —  Mercury  or  quicksilver  (N.L.  hydrarqy- 
ruMy  from  Gk.  v8a>p,  water,  and  apyvpoi,  silver)  is  a  silver-white 
liquid.     At  —  39.5°  it  freezes,  and  at  357°  it  boils. 

On  account  of  its  high  specific  gravity  (13.6,  at  (P)  and  low  vapor 
tension,  the  metal  is  employed  for  filling  barometers.  Its  uniform 
expansion  favors  its  use  in  thermometers.  The  tendency  to  form 
amalgams,  which  it  exhibits  towards  all  the  familiar  metals  with 
the  exception  of  iron  and  platinum  (the  latter,  however,  is  "  wet  '*  bv 
it),  is  taken  advantage  of  in  various  ways  (c/.  pp.  283,  423). 

Chemical  Properties.  —  When  kept  at  a  temperature  near  to  its 
boiling-point,  mercury  combines  slowly  with  oxygen.  Mercurj'  does 
not  displace  hydrogen  from  dilute  acids  (p.  245),  but  with  oxidiiing 
acids  like  nitric  acid  and  hot  concentrated  sulphuric  acid,  the  nitrates 
and  sulphate  (mercuric)  are  formed.  With  excess  of  mercur}', 
mercurous  nitrate,  and  with  excess  of  the  hot  acid,  mercuric  nitrate, 
are  produced.  When  mercury  is  divided  into  minute  droplets,  with 
relatively  large  surface,  it  is  used  in  medicine  ("  blue  pUls  "),  and 
shows  an  activity  which  is  entirely  wanting  in  larger  masses. 

The  Halides  of  Mercury,  —  Mercurous  chloride  HgCl  (calomel) 

is  obtained  as  a  white  powder  by  precipitation  from  solutions  of 

mercurous  salts.     It  is  made  by  subliming  mercuric  chloride  with 

mercury : 

HgCl^  4-  Hg  -^  2HgCl, 

or  more  usually  by  subliming  a  mixture  of  mercuric  sulphate,  made 
as  described  above,  with  mercury  and  common  salt.  It  is  deposited 
on  the  cool  part  of  the  vessel  as  a  fibrous  crystalline  mass,  or,  when 
the  vapor  is  led  into  a  large  chamber,  as  a  fine  powder.  It  is  slowly 
affected  by  light  just  as  silver  chloride  is.  Here,  however,  the  chlo- 
rine which  is  released  combines  with  another  molecule  of  the  salt  to 
form  mercuric  chloride.  The  substance  is  used  in  medicine  on 
account  of  its  tendency  to  stimulate  all  organs  producing  secretions. 
By  direct  union  with  chlorine,  mercuric  chloride  HgCl2  (corrosiTe 
sublimate)  is  formed.  It  is  usually  manufactured  b}"  subliming 
mercuric  sulphate  with  common  salt,  and  crystallizes  in  white, 
rhombic  prisms.  It  melts  at  265°  and  boils  at  307°.  The  solubility 
at  20°  is  7.4  :  100  Aq.  The  aqueous  solution  is  slightly  acid  in 
reaction.     The  salt  is  eiisily  reduced  to  mercurous  chloride.     When 
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excess  of  stannous  chloride  is  added  to  the  solution,  the  white  pre- 
cipitate of  calomel,  first  formed,  passes  into  a  heavy  gray  precipitate 
of  finely  divided  mercury: 

2HgCl,  +  SnCl,  -►  SnCl,  +  2HgCl, 
2HgCl   +  SnCl,  ->  SnCl,  4-  2Hg. 

Corrosive  sublimate,  when  taken  internally,  is  extremely  poisonous. 
A  very  dilute  solution  is  used  in  surgery  to  destroy  lower  organisms 
and  thus  prevent  infection  of  wounds.  Mercuric  chloride  acts  also 
as  a  preservative  of  zoological  materials,  forming  insoluble  compounds 
with  albumins,  and  preventing  decay.  For  the  same  reason,  albumin 
(white  of  an  egg)  is  given  as  an  antidote  in  cases  of  sublimate 
poisoning. 

MercurouB  iodide  Hgl  is  formed  by  rubbing  iodine  with  excess  of 
mercury.  It  also  appears  as  a  greenish-yellow  precipitate  when 
potassium  iodide  is  added  to  a  solution  of  a  mercurous  salt.  The 
compound  decomposes  spontaneously  into  mercury  and  mercuric 

'^^«=  2HgI  ^  Hg  +  Hgl,. 

Mercuric  iodide  Hgl,  is  obtained  by  direct  union  of  mercury  with 
excess  of  iodine,  or  by  addition  of  potassium  iodide  to  a  solution  of 
a  mercuric  salt.  It  is  a  scarlet  powder,  insoluble  in  water,  but 
soluble  in  alcohol  and  ether.  It  interacts  with  excess  of  potassium 
iodide,  forming  the  soluble,  colorless  potossium  mereuri-iodide  K2.Hgl4 
with  which  many  precipitants  fail  to  give  mercury  compounds. 

The  Oxides,  —  When  bases  (excepting  ammonium  hydroxide, 
see  p.  438)  are  added  to  solutions  of  mercurous  salts,  the  greenish- 
black  znercuroiui  oxide  Hg^O  is  thrown  down.  The  hydroxide  is 
doubtless  formed  transitorUy  and  then  loses  water  (cf.  Silver  oxide, 
p.  420).  Under  the  influence  of  light  or  gentle  heat  (100°),  this 
oxide  resolves  itself  into  mercuric  oxide  and  mercury. 

Mercuric  oxide  HgO  is  formed  as  a  red,  crystalline  powder,  when 
mercury  is  heated  in  air  near  to  357°,  but  is  usually  made  by  decom- 
posing the  nitrate.  Commercial  specimens,  incompletely  decom- 
posed, thus  give  some  nitrogen  peroxide  when  heated.  It  is  formed 
also  as  a  yellow  powder  by  adding  bases  to  solutions  of  mercuric 
salts. 
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Other  Salts  of  Mercury* — Merenroma  nHnte  "HgHO^HjO  is 

formed  by  the  action  of  cold,  diluted  nitric  acid  upon  excess  of 
mercury.  It  is  hydrolyzed,  slowly  by  cold,  and  rapidly  by  wann 
water,  giving  a  basic  nitrate: 

2HgN0,  4-  H,0  ^  HNO,  +  Hg,(OH)NO,  |. 

On  this  account  a  clear  solution  can  be  made  only  when  some  nitrie 
acid  is  added.  Free  mercury  is  also  kept  in  the  solution  to  reduce 
mercuric  nitrate,  which  is  formed  by  atmospheric  oxidation: 

HgCNO,),  +  Hg -^ 2HgN0,    or    Hg' +  Hg -. 2Hg-. 

Mercuric  nitrate  Hg(N03)2,8H20  is  produced  by  using  excess  of 
warm,  concentrated  nitric  acid  with  mercury.  The  aqueouB 
solution  is  strongly  acid,  and  deposits  a  yellowish,  crystalline,  bane 
nitrate  Hg3(OH)jO(N08)2.  The  hydrolysis  b  reversed  by  adding 
nitric  acid. 

MercurouB  sulphide  HgjS  is  formed  by  precipitation  from  me^ 
curous  salts,  but  decomposes  into  mercury  and  mercuric  sulphide. 

Crystallized  mercuric  sulphide  HgS  occurs  as  cinnabar,  and  is  red. 
When  formed  by  precipitation  with  hydrogen  sulphide,  or  by  rubbing 
together  mercury  and  sulphur,  it  is  black  and  amorphous.  By 
sublimation,  in  the  course  of  which  it  dissociates,  the  black  form 
gives  the  red,  crystalline  one. 

The  black  and  the  red  varieties  do  not  interact  with  concentrated 
acids,  or  even  with  boiling  nitric  acid,  which  oxidizes  most  sulphides 
readily.  They  are,  therefore,  still  less  soluble  than  is  cupric  sulphide 
(pp.  397-398).  They  are  attacked,  however,  by  aqua  regia.  The 
red  form  of  the  sulphide  is  used  in  making  paint  (vermilion). 

Mercuric  fulminate  Hg(0NC)3  is  obtained  as  a  white  precipitate 
when  mercur}"  is  treated  with  nitric  acid,  and  alcohol  is  added  to  the 
solution.  It  decomposes  suddenly  when  struck,  and  is  used  in 
making  percussion  caps. 

Mercury-^ mmonia  Compounds. — WTien  ammonium  hydrox- 
ide is  added  to  a  solution  of  a  mercuric  salt,  a  white  substance,  of  a 
type  which  we  have  not  pre\dously  encountered,  is  thrown  down. 
Mercuric  chloride  gives  HgNHjCl,  commonly  called  "  infusible 
white  precipitate,"  and  often  mercuri-ammonium  chloride: 

HgCI,  +  2NH3  ->  HgNH^a  +  NII^Cl. 
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Mercuric  nitrate  gives  Hg^NNO,,  sometimes  called  dimercuri- 
aTnTnoninm  nitrate : 

2Hg(N03),  +  4NH3  ->  Hg,NNO,  +  3NH,N0,. 

The  proper  classification  of  these,  and  the  other  similar  substances, 
is  beyond  the  range  of  this  book. 

When  calomel  is  treated  with  ammonium  hydroxide,  it  turns  into 
a  black,  insoluble  body.  This  appears  to  be  a  mixture  of  free 
mercury,  to  which  it  owes  its  dark  color,  and  "  infusible  white 
precipitate,"  Hg  +  HgNHjCl.  To  this  reaction  calomel  owes  its 
name  (Gk.  xoXofMXas,  beautiful  black).  Mercurous  nitrate  gives  a 
black,  insoluble  mixture,  2Hg  +  HgjNNOj. 

AnalyticiU  MeacHans  0/ Mercury  Compounds.  —  The  two 

ionic  forms  of  the  element,  mercurous-ion  Hg*  and  mercuric-ion 
Hg",  are  both  colorless.  Their  chemical  behavior  is  entirely 
different.  Both  give  the  black  sulphide  HgS,  which  is  insoluble  in 
acids  and  other  solvents  of  mercury  salts.  Mercurous-ion  gives  the 
insoluble,  white  chloride,  the  black  oxide,  and  a  black  mixture  with 
ammonium  hydroxide.  Mercuric-ion  gives  a  soluble  chloride,  a 
yellow,  insoluble  oxide,  and  a  white  precipitate  with  ammonium 
hydroxide.  The  behavior  with  stannous  chloride  (p.  437)  is  char- 
acteristic. With  potassium  iodide  the  two  ions  behave  differently 
(p.  437).  The  more  active  metals  displace  mercury  from  all  com- 
pounds. Copper  is  used  as  the  displacing  metal  because  the  mer- 
cury is  easily  seen  on  its  surface. 

Salts  of  mercury  are  volatile.  When  heated  in  a  tube  with 
sodium  carbonate,  they  give  a  sublimate  of  metallic  mercury. 

The  Recognition  of  Cations  in  Quautative  Analysis. 

"  Wet-way  "  analysis  consists  in  recognizing  the  various  positive 
and  negative  ions  present  in  a  solution  (p.  232).  In  discussing 
hydrogen  sulphide  (p.  254),  it  was  stated  that  the  sulphides  might 
be  divided  into  three  classes  according  to  their  behavior  towards 
water  and  acids.  Now  these  differences  furnish  us  with  a  basis  for 
distinguishing  the  cations  present  in  a  solution. 

The  following  plan,  taken  in  conjunction  with  the  statements  in 
the  context,  shows  how  a  single  cation  may  be  identified,  and  how, 
when  several  cations  are  present,  a  separation  preparatory  to  identifi- 
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cation  may  be  effected.  What  will  be  said  applies  only  to  the  case 
of  a  solution  containing  salts  like  the  chlorides,  nitrates,  or  sulphates 
of  one  or  more  cations,  and  leaves  the  oxalates  (p.  399),  phosphates, 
cyanides,  and  some  other  salts,  out  of  consideration. 

Ctoonp  1.  —  Add,  first,  hydrochlorie  acid,  to  find  out  whether  cations 
giving  insoluble  chlorides  are  present.  Argentic,  mercurous,  and 
plumbic  salts  give  the  white  AgOl,  HgOl,  and  PbOl,,  ^especti^'ely 
(c/.  p.  422).     Filtration  eliminates  the  precipitate,  if  there  is  any. 

Groap  2.  —  A  free,  active  acid  being  now  present,  hjrdrogen  su^ihidi 
is  led  into  the  solution.  The  sulphides  insoluble  in  active  acids, 
namely,  HgS,  OoS,  PbS,  61283,  OdS,  Aa^S,,  Sb^S,,  SnS,  8118,  are  there- 
fore thrown  down.  The  first  four  are  black  or  brown,  the  next  two 
and  the  last  are  yellow,  and  the  remaining  two  are  orange  and 
brown  respectively.  A  dark-colored  substance  will  naturally  obscure 
one  of  lighter  color,  if  more  than  one  is  present.  Filtration  again 
eliminates  the  precipitate. 

This  group  is  easily  subdivided.  Any  or  all  of  the  last  four  sul- 
phides will  pass  into  solution  when  warmed  with  yellow  ammonium 
sulphide,  for  they  give  soluble  complex  sulphides  (^.r.).  The  first 
five  sulphides,  or  any  of  them,  will  be  unaffected.  On  the  other 
hand,  these  five  sulphides,  with  the  exception  of  HgS,  will  interact 
with  hot  nitric  acid  (p.  438).  Other  reactions  are  then  used  to 
distinguish  between,  or,  if  there  is  a  mixture,  to  separate,  the  mem- 
bers of  the  sub-groups. 

Group  3.  —  The  solution  (filtrate)  is  now  neutralized  with  ammo- 
nium hydroxide,  and  ammonium  sulphide  is  added.  Some  ammonium 
chloride  is  also  used,  to  preverit  the  precipitation  of  magnesium 
hydroxide  (p.  429),  which,  in  any  event,  would  be  incomplete.  The 
sulphides  which  are  insoluble  in  water,  and  are  not  hydrolyzed  by 
it,  now  appear.  They  are  FeS,  OoS,  NiS,  all  black,  MnS.HjO,  and 
ZnS,  which  are  pink  and  white  respectively.  There  are  precipitated 
also  the  hydroxides  of  chromium  and  of  aluminium.  Or  (OH),  and 
A1(0H)5,  because  their  sulphides  are  hydrolyzed  by  water. 

Group  4.  —  After  filtration,  ammonium  carbonate  is  added,  and 
precipitates  the  remaining  metals  whose  carbonates  are  insoluble, 
BaOOj,  SrOOj,  CaOOj,  with  the  exception  of  magnesium  (p.  430). 

By  addition  of  sodium  phosphate  to  a  portion  of  the  filtrate,  mag- 
nesium, if  present,  now  comes  out  in  the  form  NH^MgPO^.  There 
remain  in  solution  only  salts  of  potassium,  sodium,  and  ammonioxn. 
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Since  only  ammonium  compounds,  and  other  substances  which  can 
be  volatilized  have  been  added,  evaporation  and  ignition  of  the 
residue  leaves  the  salts  of  the  two  metals.  Salts  of  ammonium  must 
be  sought  in  a  fresh  sample  by  the  usual  test  (p.  283). 

Exercises,  —  1.  Why  should  we  expect  ammonium  sulphide 
solution  to  precipitate  magnesium  hydroxide,  and  why  does  it  not 
do  scr? 

2.  What  volume  of  air  is  required  to  oxidize  one  formula-weight 
of  zinc  sulphide  to  ZnO  and  SO,,  and  what  volume  of  sulphur  dioxide 
is  produced?  Is  the  gaseous  product  more,  or  less  diluted  with 
nitrogen  than  when  pure  sulphur  is  burned,  and  by  how  much? 

3.  Make  equations  showing,  (a)  the  effect  of  heating  zinc  chloride 
with  cobalt  nitrate  ((^^(NOj),)  in  the  Bunsen  flame  (p.  433),  (6)  the 
action  of  hydrogen  sulphide  on  sodium  zincate,  (c)  the  actions  of 
concentrated  nitric  acid  and  of  concentrated  sulphuric  acid  on 
mercury. 

4.  What  kind  of  salts  might  take  the  place  of  sodium  acetate  in 
the  precipitation  of  zinc  sulphide  (p.  433,  foot)?    Give  examples. 

5.  Why  do  none  of  the  salts  of  the  elements  in  this  family  give 
recognizable  effects  with  the  borax  bead? 


CHAPTER  XXXVm 

AlXTMINnraC   AND  THB  METALS  OF  THX   XABTH8 

The  chief  members  of  the  family  occupying  the  fourth  column  of 
the  periodic  table  are:  boron  (B,  at.  wt.  11),  aluminium  (Al,  at.  wt 
27.1),  gallium  (Ga,  at.  wt.  70),  indium  (In,  at.  wt.  115),  thallium 
(Tl,  at.  wt.  204.1),  all  on  the  right  side  of  the  column;  and  scandium 
(Sc,  at.  wt.  44.1),  yttrium  (Y,  at.  wt.  89),  lanthanum  (La,  at.  wt 
138.9),  on  the  left  side.    These  elements  are  all  trivalent. 

U^  Mare  Elements  of  this  FamUy. — The  oxide  and  hydrox- 
ide of  boron  are  acidic  (p.  349).  Those  of  aluminium  (Al(OH)J, 
gallium  (Ga(0H)3),  indium  (In(0H)8),  and  thallium  (TIO.OH)  are 
basic,  but  behave  also  as  acids  towards  strong  bases. 

Qallinm  and  indium  occur  occasionally  in  zinc-blende,  and  were 
discovered  by  the  use  of  the  spectroscope.  The  former  takes  its 
name  from  the  country  (France)  in  which  the  discovery  was  made, 
and  the  latter  from  two  blue  lines  shown  by  its  spectrum. 

Thallium  is  found  in  some  specimens  of  pyrite  and  blende.  It  was 
discovered  by  Crookes,  by  means  of  the  spectroscope,  in  the  seleni- 
ferous  deposit  from  the  flues  of  a  sulphuric  acid  factory.  It  received 
its  name  from  the  prominent  green  line  in  its  spectrum  (Gk.  6laAAoc,  a 
green  twig).  It  gives  two  complete  series  of  compounds.  In  those 
in  which  it  is  trivalent  (thallic  salts),  it  resembles  aluminium  (^.r.). 
Thus,  the  salts  of  this  series  are  more  or  less  hydrolyzed  by  water. 
Univalent  thallium  recalls  both  sodium  and  silver.  Thallous  hydrox- 
ide (TIOH)  is  soluble,  and  gives  a  strongly  alkaline  solution.  The 
chloride  is  insoluble  in  cold  water.  The  solutions  of  the  thallous 
salts  are  neutral.    The  metal  is  displaced  from  its  salts  by  zinc. 

Of  the  elcinentj?  on  the  left  side  of  the  column,  scandium,  whose 
existence  and  prv^^'ftios  weiv  predicted  by  Mendelejefif  (p.  276),  is 
the  best  known.  The  metnls  of  the  rare  earths,  of  which  it  is  one,  are 
found  in  ran>  nxiiu^r^Js  suoh  as  euxenite,  gadolinite,  orthite,  and 
monazito.  wluch  vsvar  ui  Swtxlen.  Cireonland.  and  the  United  States. 

^2 
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Oerinm  (Ce,  at.  wt.  140.25),  neodyminm  (Nd,  at.  wt.  143.6),  and 
praseodyiniiim  (Pr,  at.  wt.  140.5),  occur  along  with  lanthannm  in 
cerite,  a  silicate  of  these  four  elements.  These  four  are  included 
amongst  the  metals  of  the  rare  earths.  The  compounds  of  many  of 
these  rare  elements  behave  so  much  alike  that  separation  is  difficult. 
It  is  certain,  however,  that  there  are  several  with  atomic  weights 
near  to  that  of  lanthanum  for  which  accommodation  cannot  easily 
be  found  in  the  periodic  table.  Ostwald  has  compared  them  to  a 
group  of  minor  planets  such  as  in  the  solar  system  takes  the  place  of 
one  large  planet. 

Aluminium. 

The  Chemical  Melatians  of  the  Element.  —  Aluminium  is 
trivalent  exclusively.  Its  hydroxide,  like  that  of  zinc  (p.  432),  is 
feebly  acidic  as  well  as  basic,  and  hence  the  metal  forms  two  sets  of 
compounds  of  the  types  Na,.A10,  (sodium  aluminate)  and  Alj.  (804)3. 
The  salts  of  both  series  are  more  or  less  hydrolyzed  by  water,  the 
former  very  conspicuously  so.  It  is  worth  noting  that  the  hydrox- 
ides of  the  trivalent  metals,  or  metals  in  the  trivalent  condition,  such 
as  Al(OH)g,  Cr(OH)g,  FeCOH),,  are  all  distinctly  less  basic  than  are 
those  of  the  bivalent  metals  such  as  Zn(OH)„  Cd(0H)2,  Fe(OH)„ 
Mn  (OH),.  Aluminium  does  not  enter  into  complex  anions  or  cations, 
and  is  too  feebly  base-forming  to  give  salts  like  the  carbonate  or 
sulphite. 

Oecurrenee*  —  Aluminium  is  found  very  plentifully  in  combina- 
tion, coming  next  to  oxygen  and  silicon  in  this  respect.  The  feldspars 
(such  as  KAlSijOg),  the  micas  (such  as  KAISiO^),  and  kaolin  (clay 
Hj Alj  (8104)2,1120) ,  are  the  commonest  minerals  containing  it.  Cryo- 
lite is  a  double  fluoride  3NaF,AlF3.  Various  forms  of  the  oxide  and 
hydroxide  are  also  found. 

BreparaUan  and  Physical  Brapertiee. — The  metal  is  now 
made  on  a  large  scale  by  electrolysis  of  the  oxide  (AljO,)  dissolved  in 
a  bath  of  molten  cryolite.  The  operation  is  conducted  in  cells,  the 
carbon  linings  of  which  form  the  cathodes.  The  anodes  are  rods  of 
carbon  which  combine  with  the  oxygen  as  it  is  liberated.  The  metal 
sinks  to  the  bottom  of  the  cell  and  is  drawn  off  periodically,  while 
fresh  portions  of  the  oxide  are  added  from  time  to  time.    The  current 
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(E.M.F.  5-6  volts)  maintains  the  temperature  of  the  molten  male- 
rials,  and  causes  the  decomposition. 

The  metal  melts  at  600-700^,  but  is  not  mobile  enough  to  make 
castings.  It  is  exceedingly  light  (sp.  gr.  2.6),  and  in  hardness  and 
tensile  strength  excells  the  other  metals,  with  the  exception  of 
iron  and  copper.  It  has  a  sU very  luster,  and  tarnishes  very  slightly, 
the  firmly  adhering  film  of  oxide  first  formed  protecting  its  surfaefr 
Although,  comparing  crossHsections,  it  is  not  so  good  a  conductor  of 
electricity  as  is  copper,  yet  weight  for  weighi  it  conducts  better.  It 
is  difficult  to  work  on  the  lathe  or  to  polish,  because  it  sticks  to  the 
tools,  but  the  alloy  with  magnesium  (6-30  per  cent)  called 
liom  has  admirable  qualities  in  these  respects,  aiwwiiwfciwt 
(&-12  per  cent  aluminium)  is  easily  fusible,  has  a  magnificent  golden 
luster,  and  possesses  mechanical  and  chemical  resistance  exceeding 
that  of  any  other  bronze.  The  metal  and  its  allo3r8  are  used  for 
making  cameras,  opera-glasses,  cooking  utensils,  and  other  artides 
requiring  lightness  and  strength,  as  well  as  for  the  transmission  of 
electricity.  The  powdered  metal,  mixed  with  oil,  is  used  in  making 
a  sUvery  paint. 

Chemical  Properties.  —  The  metal  displaces  hydrogen  from 
hydrochloric  acid  very  easily.  It  displaces  hydrogen  also  from 
boiling  solutions  of  the  alkalies,  forming  aluminates: 

2A1  +  6NaOH  -►  2Na3A108  -h  3H,. 

In  consequence  of  its  very  great  affinity  for  oxygen,  aluminium 
displaces  all  the  metals,  save  magnesium,  from  their  oxides.  Thus, 
when  a  mixture  of  aluminiiun  powder  and  ferric  oxide  is  placed  in  a 
crucible  and  ignited  by  means  of  a  piece  of  burning  magnesium 
ribbon,  aluminium  oxide  and  iron  are  formed: 

FcjOj  4-  2A1  ->  AI3O3  +  2Fe. 

The  very  high  temperature  (about  3000®)  produced  by  the  action  is 
sufficient  to  melt  both  the  iron  (m.-p.  1550°)  and  the  oxide  of  alumi- 
nium. The  products,  not  being  miscible,  separate  into  two  layers. 
This  very  simple  method  of  making  pure  specimens  of  metals  like 
chromium,  uranium,  and  manganese,  whose  oxides  are  otherwise 
hard  to  reduce,  is  called  by  Goldschmidt,  the  inventor,  ahunino- 
thermy.  The  sulphides,  such  as  p)rrite,  are  reduced  with  like  vigor 
b}'  aluminium. 
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Aluminium  Chloride  AlCl^.  —  If  the  metal  or  the  hydroxide  is 
treated  with  hydrochloric  acid,  and  the  solution  is  allowed  to  evapo- 
rate, the  hydrated  chloride  AlCls^GHjO  is  formed.  When  heated, 
this  hydrate  is  completely  hydrolyzed,  hydrochloric  acid  is  given  oflf, 
and  only  the  oxide  remains.  The  anhydrous  chloride  AICI3  is  made  by 
passing  dry  chlorine  over  aluminium,  or  by  heating  the  oxide  with 
carbon  in  a  stream  of  chlorine  (c/.  p.  344).  Since  it  sublimes,  as  a 
white  crystalline  solid,  without  melting,  when  thus  prepared  it  is 
vaporized  and  condenses  in  a  cool  part  of  the  tube.  It  fumes 
when  exposed  to  moist  air  on  account  of  the  hydrogen  chloride 
produced  by  hydrolysis,  and  only  with  excess  of  hydrochloric  acid 
does  it  give  a  clear  solution  free  from  basic  salts. 

Alum>inium  Hydroxide,  the  Aluminates  and  the  Oxide,  — 

When  an  alkali  is  added  to  a  solution  of  a  salt  of  aluminium,  the 
hydroxide  AUOH),  is  precipitated  in  gelatinous  form.  It  loses  water 
gradually  when  dried,  forming  no  intermediate  hydroxides,  until 
AljOj  remains.  Natural  forms  of  this  substance  are  hydrargyllite 
A1(0H)3  (=  Al30„3H20),  bauxite  A1,0(0H),  (=  Al303,2H30),  which 
always  contains  ferric  oxide,  and  diaspore  AIO.OH  (=  AljOajHjO). 
Commercially,  the  hydroxide  is  made  by  heating  bauxite  with 
sodium  carbonate,  and  extracting  the  sodium  aluminate  with  water: 

AljOCOH),  +  Na^COa ->  2NaA10,  +  CO3  +  2H,0. 

Tlie  hydroxide  is  then  precipitated  by  passing  carbon  dioxide 
through  the  solution : 

2NaA102  +  COj  +  SHjO  -^  NajCOj  +  2A1(0H)3. 

Aluminium  hydroxide  interacts  both  with  acids  and  with  bases, 
and  is,  therefore,  like  zinc  hydroxide  (p.  432),  ionized  both  as  a  base 
and  as  an  acid.  It  interacts  only  slightly  with  ammonium  hydroxide, 
because  this  substance  is  too  feebly  basic,  but,  from  the  solution  in 
the  active  alkalies,  the  aluxninatas  Naa.AlO,,  Na.A102,  and  K.AIO,, 
can  be  obtained  in  solid  form.  The  aluminates  are  largely  hydro- 
lyzed by  water: 

NaAlO,  4-  2H,0  ^  NaOH  -h  AlCOH),. 

Sodium  aluminate  NaAlO,  is  used  as  a  mordant  (see  below),  on 
account  of  the  ease  with  which  the  solution  gives  up  aluminium 
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hydroxide  when  any  material  is  present  which  can  combine  with  the 
free  portion  of  the  hydroxide  and  so  displace  forward  the  above 
equilibrium. 

When  calcium  chloride  is  added  to  a  solution  of  sodium  alumxnate^ 
the  insoluble  calcium  metaluminate  is  deposited: 

2NaA10,  +  CaCI,  -►  CaCAlOj),  +  2Naa. 

The  relations  of  these  various  substances  are  shown  by  the  following 
formulae: 


Al-O-H 

^0-Na 
Al-O-Na 

^0 

^0 

Alf                         )C. 

^0-H 

^0-Na 

^0-H 

^0-Na          O^ 

"^0 

A  number  of  insoluble  metaluminates  are  found  in  nature.  Thev 
contain  bivalent  metals  in  place  of  the  calcium  in  the  last-named 
compound.  Thus  we  have  spinelleMgCAlO,),,  and  gahnite  ZnCAlOJr 
Aluminium  oxide  AUO,  (alumina)  is  found  in  nature  in  pure  form 
as  corundum.  This  mineral  is  only  one  degree  less  hard  than  the 
diamond.  Emer}'  is  a  common  variety,  contaminated  with  ferric 
oxide,  and  is  widely  used  as  an  abrasive.  The  ruby  is  pure  alu- 
minium oxide  tinted  by  a  trace  of  a  compound  of  chromium,  while 
the  sapphire  is  the  same  material  colored,  possibly,  with  aluminate 
of  cobalt.  It  is  said,  however,  that  the  same  tint  is  conferred  upon 
colorless  corundum  by  exposure  to  the  influence  of  salts  of  radium. 

Aluminiutn    Sulphate:     Hie    Alums.  —  Alomininm   solphata 

ALcSO^^j,  ISHoO  is  prepared  by  treating  either  the  hydroxide  or 
pure  clay  (kaolin)  with  sulphuric  acid.  In  the  latter  case  the 
insoluble  residue  of  silicic  acid  is  removed  by  filtration: 

H,AU(SiO,)2  +  SH^SO, ->  Al2(S0^3  +  2HjSiO,  +  2H,0. 

The  solution  of  the  sulphate  is  acid  in  reaction.  This  compound  is 
useii  as  a  mordant  (see  below)  under  the  name  of  "  concentrated 
alum."  It  is  employed  also  in  sizing  cheaper  grades  of  paper,  an 
operation  required  to  prevent  the  absorption  and  consequent 
spreading  of  the  ink.  For  writing-paper,  gelatine  solution  is 
employed.     In  making  printing-papers,  rosin  soap  (made  by  dissolv- 
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ing  roi^  in  caustic  soda)  is  mixed  with  the  pulp,  and  aluminium 
sulphate  is  added.  The  rosin  and  aluminium  hydroxide  are  precipi- 
tated in  the  pulp,  perhaps  in  feeble  combination,  and  pressing  be- 
tween hot  rollers  afterwards  melts  the  former  and  gives  a  surface 
to  the  paper. 

When  sulphate  of  potassium  is  added  to  a  strong  solution  of  alu- 
minium sulphate,  octahedral  crystals  of  potash  alum  (see  below) 
are  deposited.  This  is  a  double  salt,  and  is  one  of  a  large  class 
known  as  the  alunui.  The  alums  have  the  general  formula  Af 2*804, 
Afj^'CSO 4)3,241120,  and  may  be  made  as  above  by  using  a  sulphate 
of  a  univalent  metal  with  one  of  a  trivalent  metal.  Thus,  for  AT  we 
may  use  K,  NH4,  Rb,  Cs,  and  Tl',  and  for  Af '",  Al,  Fe"',  Cr"',  Mn"", 
and  Tl".    All  the  alums  crystallize  in  octahedra. 

Potasslmn-alnTnlninm  sulphate  K2S04,Al2(S04)„24H30,  ordinar}' 
alum,  is  made  from  aluminium  sulphate.  It  is  also  prepared  by 
heating  alunite,  a  basic  alum  found  near  Rome  and  in  Hungary,  and 
extracting  the  product  with  water.  The  alunite  KAlj(0H),(S04), 
leaves  an  insoluble  residue  of  the  hydroxide,  mixed  with  ferric  oxide 
which  is  present  as  an  impurity: 

2KA1,(0H).(S04)2  -^  K2S04,Al2(S04)3  +  4A1(0H)3. 

• 

The  hydrated  salt  melts  at  90^.  An  aqueous  solution  of  this  salt, 
or  of  sodium  phosphate  (p.  380),  is  used  for  fire-proofing  draperies. 
The  crystals  deposited  in  the  fabric  melt  easily,  and  the  fused 
material  protects  the  fibers  from  access  of  oxygen.  When  heated 
more  strongly  alum  loses  its  water  of  hydration,  together  with  some 
sulphur  trioxide,  and  leaves  a  slightly  basic,  anhydrous  salt  known 
as  burnt  alum.  A  solution  of  alum  dissolves  a  considerable  amount 
of  aluminium  hydroxide,  giving  neutral  alum,  K2S04,Al4(OH),(S04)3, 
a  basic  salt  used  as  a  mordant.  The  substance  is  usually  prepared 
by  adding  sodium  carbonate  to  the  solution  of  alum  as  long  as  the 
aluminium  hydroxide,  formed  locally,  continues  to  redissolve. 

Aluzniniam  sulphide  AI3S3  is  most  easily  obtained  by  mixing  pyrite 
with   aluminium   powder   and   igniting   with   magnesium   ribbon 

(p.  444):  ^p^  +  4A1  -^  2AI2S,  +  3Fe. 

It  forms  a  grayish-black  solid,  and  is  decomposed  by  water,  like 
magnesium  sulphide,  giving  the  hydroxide  and  hydrogen  sulphide. 
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l>9«t  ji^;  M&rdamiim0. — The  problem  of  the  dyer  is  to  confer  the 
deaneii  color  upon  a  fabric  made,  usually,  of  cotton,  linen,  wool,  or 
slk.  and  to  do  this  in  such  a  way  that  the  dye  is  fast  to  (i.e.,  is  not 
recioved  or  destroyed  by)  rubbing,  and  often,  also,  to  washing  with 
scap.  To  understand  the  means  by  which  this  is  achieved,  it  must 
be  noted  that  cotton  and  linen  consist  of  hollow  fibers  of  the  com- 
jMsitioa  of  cellulose  ^,CgH^Oj)x-  Wool  is  made  of  hollow  fibers,  also, 
and  silk  of  rvxis.  but  the  material  is  entirely  different.  It  contains 
17  wr  cent  of  nitrogen  in  the  case  of  wool,  and  20  per  cent  in  the  case 
of  silk,  and  the  nitrogen  compounds  of  which  the  material  is  com- 
p<xsev:  aire  much  more  active  chemically  than  is  cellulose,  and  com- 
bine :n^^>n:pa^a^ly  more  easily  and  firmly  with  the  many  kinds  of 
or»riv'  cv^nip^^unis  which  are  used  as  dyes.  Hence,  stains  on  wool 
an.:  silk  are  much  less  often  removable  by  washing  than  are  those  on 
cc::on. 

We  have  space  to  mention  only  three  kinds  of  dyes: 

1.  iBsohible  colored  bodies  which  are  formed  by  precipitation 
within  the  r.ber?  and  may  be  applied  to  any  fabric,  for  their  retention 
is  due  to  n;ev*ha:i;oaI  and  not  to  chemical  causes.  If  cotton  is  boiled 
in  A  solution  of  !easi  acetate  (or,  better  still,  sodium  plumbite,  q,r.), 
anxi  is  thor.  s. wktvl  in  Ixvlling  potcvs^ium  chromate  solution,  it  is  dved 
A  bri'.li:v:;:  ;\::i  permanent  yellow.  Lead  chromate  is  the  colored 
Kxiv : 

To  A\H30,\,  -  K.CrO,  :^  2KC,HA  +  PbCrOJ. 

In  ir.olico  vlyoir.j:  the  f:\brio  is  s:\tunitetl  with  a  solution  of  indigo- 
whito  :::  caustio  >^\ia.  and  is  then  exposed  to  the  air.  Indigo-blue  is 
lor::u\:  l\v  o\ivi;\:ion.  :\:iJ.  lx?ing  insoluble,  is  precipitated  within  the 

•2l\,Hi:X,0j  -  0,  —  2C,eHioNAi-f  2H2O. 

2.  Wo  h:\vo  direct  or  substantive  dyes,  which  are  withdrawn  from 
a  s^^lutioii  by  the  g^xxls  wiiioh  are  Ix'ing  dyetl,  and  confer  upon  the 
latter  a  vlopth  of  ivlor  depending  on  the  strength  of  the  solution  anil 
the  affinitv  of  the  nuiierial  for  the  dve.  These  dves  are  fast  on  silk 
or  w».x^l.  \^tor  example,  piorir  acid"^  hut  only  a  small  minority  of  them 
are  taken  up  by  ootton  or  Hnen  in  such  a  way  that  they  cannot  be 
washoxl  vHit.  Congo  reii.  CjdLjXcS.O^^'^j'  '^  soluble  in  water,  and 
is  fa<t  lH>th  on  ootton  and  on  wooh 

3.  The  hist  class  comprises  the  mordant  or  adjective  dyes.     They 
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work  on  the  piinciple  that  the  cloth  is  first  impregnated  with  a  sub- 
stance capable  of  attaching  itself  both  to  the  cloth  and,  subsequeDtiy, 
to  the  dye  also,  and  is  then  immersed  in  the  dye  itself.  Sul»tances 
of  this  Idnd  are  tannic  acid  (for  basic  dyes)  and  colloidal  hydroxides 
(for  acid  dyes)  like  those  of  aluminium,  tin,  iron,  and  chromium. 
They  are  called  morduiti  (Lat.  mordere,  to  bite).  When  aluminium 
hydroxide  is  to  be  used,  the  cloth  ia  first  treated  with  a  hot  solution 
of  neutral  alum,  aluminium  sulphate,  or  sodium  aluminate,  and 
thereby  acquires,  either  by  adsorption  or  feeble  combination,  a 
certain  amount  of  the  hydroxide  (c/.  p.  445).  The  fabric  is  then 
boiled  in  water  with  the  dye.  If.  for  example,  alizarine  (madder)  is 
used,  the  cloth  is  dyed  Turkey  red.  Alizarine  is  an  orange-yeJlow, 
very  slightly  soluble  acid  of  the  composition  C,,HgO,,  Since  the 
color  is  that  of  the  compound  of  the  dye  with  the  mordant,  different 
mordants  give  different  colors,  or  shades  of  color,  with  the  same  dye, 

Kaolin  and  Clay  i  Earthenware  and  Porcelain.  —  By  the 

action  of  water  and  carbon  dioxide  upon  granite  and  other  rocks 
containing  feldspar  KA!Si,Og,  the  potash  b  slowly  removed,  and 
the  compound  changed  largely  into  a  hydrated  orthosilicate  H,Alj 
(SiOj)„HjO,  When  pure,  it  forms  kaolin  or  china  clay,  a  white, 
crumbly  material.  When  washed  away  and  redeposited,  it  usually 
acquires  compounds  of  iron,  and  the  carbonates  of  calcium  and 
magnesium,  becoming  common  clay.  Oclier,  umber,  and  sienna  are 
clays  colored  with  oxides  of  iron  and  manganese.  Fuller's  earth  La  a 
purer  variety. 

On  account  of  its  plasticity  when  moist,  and  its  tendency  to  become 
hard,  but  not  to  melt,  when  heated  strongly,  clay  is  used  in  making 
brlcki,  pottery,  and  porcelain.  The  presence  of  calcium  and  magne- 
sium carbonates  makes  the  clay  more  fusible,  that  of  silica  less  so. 
Iron  compounds  cause  it  to  turn  red  during  firing.  For  earthenware, 
glazing  must  be  applied  to  make  the  vessels  water-tight.  This  is 
often  done  by  throwing  salt  into  the  kiln.  The  hot  steam  hydrolyzes 
the  salt  to  sodium  hydroxide  and  hydrochloric  acid,  and  the  former 
combines  with  the  clay,  giving  a  fusible  silicate  which  fills  the  pores 
of  the  surface.  For  porcelain,  very  pure  clay,  free  from  iron,  is 
employed,  and  it  is  mixed  with  feldspar  and  quartz.  The  feldspar 
melts  and  fiila  the  pores  so  that  a  continuous,  semi-transparent 
material  resulta. 
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AnaiyHcai  ReaeHons  of  Ah»m4miwm  CompmmA:  —  The 

alkalies,  and  alkaline  solutions  like  that  of  ammonium  sulidiide, 
precipitate  the  white  hydroxide.  The  product  is  soluble  in  ezoesB 
of  the  active  alkalies.  Soluble  carbonates  also  throw  down  the 
hydroxide.  Aluminium  compounds,  when  heated  stronc^y  in  the 
flame  with  cobalt  salts,  give  a  blue  aluminate  of  cobalt  CoCAlQi),. 

ExereiBes.  —  1.  What  are  the  differences  between  rine  and 
aluminium,  and  their  corresponding  compounds? 

2.  Construct  equations  showing,  (a)  the  hydrolysia  of  aluminium 
sulphate  (p.  446),  (6)  the  interaction  of  aluminium  sulphate  and 
cobalt  nitrate  in  the  Bunsen  flame. 

3.  Formulate  the  ionization  of  aluminium  hydroxide  (pp.  432, 445). 

4.  Why  does  zinc  hydroxide,  in  spite  of  its  feebleness  as  a  base, 
dissolve  in  ammonium  hydroxide,  while  aluminium  hydroxide  doeB 
not? 


CHAPTER  XXXIX 
OXBMAHIUM,  TIN,  LEAD 

The  metallic  elements  of  the  fifth  column  of  the  periodic  table  are 
germaniiim  (Ge,  at.  wt.  72.5),  tin  (Sn,  at.  wt.  119),  and  lead  (Pb,  at. 
wt.  206.9).  These  are  on  the  right  side,  while  titanium  (Ti,  at.  wt. 
48.1),  sirconiom  (Zr,  at.  wt.  90.6),  ceriom  (Ce,  at.  wt.  140.25),  and 
thorium  (Th,  at.  wt.  232.5)  occupy  the  left  side. 

The  Chemical  Relations  of  the  Family,  —  All  of  these  ele- 
ments show  a  maximum  valence  of  four.  Germanium,  tin,  and  lead 
are  also  bivalent.  In  this  respect  they  resemble  carbon  and  differ 
from  silicon,  which  is  more  closely  allied  to  the  elements  on  the  left 
side  of  the  column.  The  oxides  and  hydroxides  in  which  these  three 
elements  are  bivalent  become  more  basic,  and  the  elements  them- 
selves more  metallic  in  chemical  relations,  with  increase  in  atomic 
weight.  In  this  they  resemble  the  potassium,  calcium,  and  gallium 
families.  Curiously  enough,  the  same  three  hydroxides  are  also 
acidic.  They  are  more  strongly  acidic  than  is  zinc  hydroxide,  for 
the  salts  they  form  by  interaction  with  bases  are  less  hydrolyzed 
than  are  the  zincates.  This  acidic  character  likewise  increases  in  the 
order  in  which  the  elements  are  named  above. 

Germanium. 

Oermanium  (p.  277)  forms  two  oxides  GeO  and  GeO,  corresponding 
to  those  of  carbon  and  of  tin.  Gtormanious  oxide  is  not  very  definitely 
basic  or  acidic,  and  the  sulphide  is  the  only  other  well-defined  com- 
pound of  this  set.  Gtormanic  oxide  and  hydroxide  are  acidic  entirely. 
The  resemblance  to  carbon  is  shown  in  the  formation  of  an  unstable 
compound  with  hydrogen,  of  germanium  chloroform  GeHCl,  and  of  a 
volatile  chloride  GeCl4  (b.-p.  87*^). 

Tin. 

ITie  Chemical  BekUione  of  the  Element.  —  Tin  is  both  biva- 
lent and  quadrivalent.  Each  of  the  oxides  and  hydroxides  SnO  and 
Sn(OH)„  SnO,  and  SnO(OH),  (or  SnCOH)^,  is  both  basic  and  acidic, 
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SO  that  there  are  really  four  series  of  compounds.  StiU,  stannous 
hydroxide  is  mainly  a  base,  of  a  feeble  sort,  while  stannic  hydroxide 
is  mainly  an  acid.  Thus  we  have  stannous  chloride,  sulphate,  and 
nitrate,  which  are  stable,  althou^  they  are  all  more  or  less  hydro- 
lyzed  by  water,  and  sodium  stannite  Na,.Sn02  which  is  unstable. 
On  the  other  hand,  stannic  nitrate,  sulphate,  and  chloride  are  com- 
pletely hydrolyzed  by  water,  while  sodium  stannate  NagSnO,  is 
comparatively  stable.  The  dioxide  SnO^  is  an  infusible  scdid, 
resembling  silicon  dioxide.  Tin  has  a  tendency  to  give  oomidez 
acids  and  salts,  like  H^SnCl^  (NH4)2.SnCle,  but  these  are  ionised 
also  to  a  small  extent  after  the  manner  of  double  salts,  giving  ions  of 
Sn"*'.    Tin  forms  no  salts  with  weak  acids,  like  carbonic  acid. 

Occurrence  and  Eoctrttctionm — The  chief  ore  of  tin  is  tin-stooe, 
or  cassiterite  SnO,,  which  forms  square-prismatic  crystals  ^ose 
dark  color  is  due  to  the  presence  of  iron  compounds.  It  occurs  in 
Cornwall  and  the  East  Indies.  The  ore  is  roughly  pulverized  and 
washed,  to  remove  granite  or  slate  with  which  it  is  mixed,  and  is 
then  roasted,  to  oxidize  the  sulphides  of  iron  and  copper,  and  drive 
oflf  the  arsenic  which  it  contains.  After  renewed  washing  to  elimi- 
nate sulphate  of  copper  and  oxide  of  iron,  it  is  reduced  with  coal  in  a 
reverberatory  furnace.  The  tin  is  afterwards  remelted  at  a  gentle 
heat,  and  the  pure  metal  flows  away  from  compounds  of  iron  and 
arsenic.  In  1900  the  production  was  4100  tons  and  63,700  tons  in 
England  and  in  the  East  Indies,  respectively.  These  quantities 
together  constitute  83  per  cent  of  the  world's  total  output. 

Physical  and  Cl^emical  Properties.  —  Tin  is  a  silver-white, 
cr>'stalline  metal  of  low  tenacity  but  great  malleabiUty  (tinfoil).  Its 
specific  gravity  is  7.3,  and  its  melting-point  about  233^. 

Tin-plate  is  made  by  dipping  carefully  cleaned  sheets  of  mild  sted 
into  molten  tin.  Vessels  of  copper  are  also  coated,  internally,  with 
tin,  to  prevent  the  formation  of  the  basic  carbonate  (p.  411).  For 
this  purpose  they  are  cleaned  with  ammonium  chloride,  sprinlded 
with  rosin  (to  reduce  the  oxide),  and  heated  to  230®.  Molten  tin  is 
then  spread  on  the  surface  with  a  piece  of  tow.  Alloys  of  tin,  such 
as  bronze  (p.  411),  soft  solder  (50  per  cent  lead),  pewter  (25  per  cent 
lead),  and  britannia  metal  (10  per  cent  antimony  and  some  copper), 
are  much  used  in  the  arts. 
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Tin,  although  it  displaces  hydrogen  from  dilute  acids,  is  not  tar- 
nished by  moist  air.  With  warm  hydrochloric  acid  it  gives  stannous 
chloride  SnCl,  and  hydrogen.  Hot,  concentrated  sulphuric  acid 
forms  stannous  sulphate  SnSOf  and  sulphur  dioxide  (c/*.  p.  257). 
Nitric  acid,  when  cold  and  dilute,  interacts  with  it,  giving  stannous 
nitrate  SnCNO,),,  and  a  portion  of  the  nitric  acid  is  reduced  to 
ammonia  (c/*.  p.  297). 

With  concentrated  nitric  acid,  stannic  nitrate  is  formed,  but  most 
of  this  salt  is  hydrolyzed  by  the  water  at  the  high  temperature  of  the 
action  (c/.  p.  438),  and  metastannic  acid  (HjSnOs)^  (a-stannic  acid) 
remains.    The  final  result  is  shown  by  the  equation  (simplified) : 

Sn  +  4HNO3  ->  H^nO,  +  4N0,  +  H,0. 

Tin  also  displaces  hydrogen  from  caustic  alkalies,  giving  a  metastan- 
nate,  such  as  sodium  metastannate  Na^SnO,. 

CMoride9  of  Tin.  —  Staononi  chloride  SnCl,,  211,0  is  made  by 
the  interaction  of  tin  and  hydrochloric  acid.  When  the  crystals  are 
heated,  or  when  a  strong  aqueous  solution  is  diluted,  the  salt  is 
partially  hydrolyzed.  In  the  latter  case  the  basic  chloride  Sn(OH)Cl 
is  deposited.  By  presence  of  excess  of  hydrochloric  acid,  the 
hydrolysis  is  prevented.    The  solution  is  used  as  a  mordant  (p.  449). 

Stannous  chloride  tends  to  pass  into  stannic  chloride  SnClf,  and  is 
therefore  an  active  reducing  agent.  Thus,  it  reduces  the  chlorides  of 
mercury  (p.  437)  and  of  the  noble  metals,  liberating  the  free  metals. 
The  action  is  of  the  form  Hg"  4-  Sn"  — >  Hg  4-  Sn"".  It  also  reduces 
free  oxygen,  or,  what  is  the  same  thing,  is  oxidized  by  the  air.  In 
this  case,  stannic  chloride  is  formed  in  the  acid  solution  and  the 
liquid  remains  clear;  in  the  neutral  solution  a  precipitate  of  the  basic 
cUoride  is  formed  as  well: 

eSnCI,  +  2H3O  +  O,  ->  4Sn(0H)Cl  +  2Sna,. 

Powdered  tin,  if  placed  with  the  acid  solution,  will  undo  the  effects  of 
this  action  by  reducing  the  stannic  salt  to  the  stannous  condition. 

When  chlorine  acts  upon  tin,  or  upon  stannous  chloride  (either 
solid  or  dissolved),  stannic  chloride  SnClf  is  formed.  The  compound 
is  a  colorless  liquid  (b.-p.  114°)  which  fumes  very  strongly  in  moist 
air,  giving  hydrochloric  acid  and  stannic  acid.  It  is  almost  com- 
pletely hydrolyzed  by  water.    The  stannic  acid  which  is  formed  is 
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not  precipitated,  however,  but  remains  dissolved  in  colloidal  (p.  96) 
^^^^'  SnCl,  +  4H,0  ^  4Ha  +  Sn(OH),. 

The  chloride,  with  small  amounts  of  water,  gives  hydratee,  of  which 
SnCl4,5H20,  "  oxymuriate  of  tin,"  is  used  as  a  mordant.  Double 
(or  perhaps  complex)  salts,  such  as  ammoniumnstannic  chloride  or 
"  pink-salt "  (NH4)2SnCl«,  (used  as  a  mordant  on  cotton),  are 
readily  formed. 
Stannic  bromide  SnBrf  (b.-p.  20P)  resembles  stannic  chloride. 

a-Stannie  Acid  and  Us  Salts.  —  When  a  solution  of  stannic 
chloride  is  treated  with  ammonium  hydroxide,  a  white,  gelatinous 
precipitate  of  Or-stannic  acid  is  formed: 

SnCl,  +  4NH,0H  -►  4NH,C1  +  H^nO,  +  H3O. 

The  precipitate  loses  water  gradually  until  the  dioxide  remains,  and 
neither  Sn(0H)4  nor  SnOCOH),  is  obtainable  as  a  definite  compound. 
When  stannic  oxide  is  fused  with  caustic  soda,  sodium  mAtastannato, 
or  a-8tannat6  Na2SnOs,3H20,  is  formed: 

SnOj  +  2NaOH  -►  Na^SnO,  +  H,0. 

This  compound  is  used  as  a  mordant  under  the  name  of  "  preparing 
salt."  When  its  solution  is  acidified,  the  above  mentioned  o-stannic 
acid  is  formed  by  double  decomposition.  This  a-stannic  acid  inter- 
acts readily  with  acids  and  alkalies,  and  the  chloride  obtained  from 
it  is  identical  with  stannic  chloride  described  above. 

The  a-stannates  of  the  metals,  aside  from  those  of  px)tassium  and 
siHliuni.  like  the  silicates  and  carbonates  which  they  much  resemble, 
jm''  all  insoluble  in  water,  and  may  be  made  by  double  decomposition. 

^-Sf«i #•#••>  AcifU  or  Metastannic  Acid.  —  The  product  of  the 
action  vM*  nitrio  acid  u|>on  tin  (p.  453)  is  a  hydrated  stannic  oxide  like 
ti\o  fvMVi^nn£:  substance,  but  is  not  identical  with  it.  It  is  not  easily 
>i\>hiMo  in  alkalies.  Hy  toiling  it  with  caustic  soda,  however,  and 
t  i\«M\  o\tn\ctinfi:  with  pure  water,  a  soluble  sodium  jS-stannate  NajSn^Oi,. 
VN  \^btai!u\l.  /^-stannic  acid  is  also  very  slowlv  attacked  bv  acids, 
iuul  tho  chlorivlo  seoureii  from  it  is  not  identical  with  the  ordinary 
cSU^rulo,  l\>r  tht\^  reasons  it  is  supposed  to  be  a  hydrate  of  a 
|\\\  n\iM*  v^f  stannic  oxide  ^SnO.Oj.jHjO.  When  fused  with  caustic 
j^sl^.  \\  j;ivt^  the  same  a-stannate  as  does  the  dioxide  itself. 
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The  Oxides  of  Tin. —  When  stannous  oxalate  is  heated  in 
absence  of  air,  stannoni  oxide  SnO  remains :  SnC204— >SnO + CO,  4-  CO. 
It  is  a  black  powder  which  burns  in  the  air,  giving  the  dioxide.  The 
corresponding  hydroxide  Sn^OCOH),  is  formed  by  adding  sodium 
carbonate  to  stannous  chloride  solution.  It  is  a  white  powder,  easily 
dehydrated,  and  interacts  with  alkalies  to  give  soluble  stannites, 
such  as  Na^SnO,.    With  acids,  the  hydroxide  gives  stannous  salts. 

Stannic  oxide  SnO,  is  found  in  nature  (p.  452),  and  may  be  made 
in  pure  form  by  igniting  ^S-stannic  acid.  When  heated,  it  becomes 
yellow,  but  recovers  its  whiteness  when  cooled  (c/.  Zinc  oxide,  p.  432). 
Prepared  at  a  low  temperature,  it  interacts  easily  with  acids,  but 
after  strong  ignition,  is  affected  by  them  very  slowly. 

ITie  Sulphides  of  Tin. —  Stannoni  sulphide  SnS  is  obtained  as 
a  dark-brown  precipitate  when  hydrogen  sulphide  is  led  into  a 
solution  of  a  stannous  salt. 

Stannic  sulphide  SnS,  is  formed  likewise  by  precipitation,  and  is 
yellow  in  color.  Stannic  sulphide  loses  sulphur  when  strongly 
heated,  and  leaves  stannous  sulphide.  It  is  not  much  affected  by 
dilute  acids,  but  interacts,  with  solutions  of  ammonium  sulphide 
(or  sodium  sulphide),  giving  a  soluble  complex  sulphide,  namely, 
ammonium  sulphostannate: 

SnS,  +  (NH,),S  -►  (NH,),.SnS,. 

The  corresponding  sodium  sulphostannate  is  easily  crystallized  in  the 
form  Na,SnS3,2H20.  Stannous  sulphide  is  not  affected  by  soluble 
sulphides,  but  polysulphides,  such  as  yellow  ammonium  sulphide, 
give  with  it  the  above  mentioned  sulphostannates: 

SnS  +  (NHO,S  +  S  -►  (NHO,.SnS,. 

With  acids  the  sulphostannates  undergo  double  decomposition,  but 
the  free  acid  Hj.SnS,  thus  produced  is  unstable  and  breaks  up, 
giving  off  hydrogen  sulphide,  and  depositing  stannic  sulphide. 

AnaZytieal  Reactions  of  Salts  of  Tin.  —  The  two  ionic 
forms  of  tin,  Sn",  and  Sn"",  are  both  colorless.  Their  behavior  is 
different.  They  give  a  brown  and  a  yellow  sulphide,  respectively, 
with  hydrogen  sulphide.  These  sulphides  dissolve  in  yellow  ammo- 
nium sulphide  (above).  The  reducing  power  of  stannous-ion  Sn" 
is  very  characteristic  (p.  453).  The  oxides  are  reduced  by  charcoal 
in  the  reducing  part  of  the  Bunsen  flame  and  the  metal  is  liberated 
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Lead. 

The  Chemical  BsloHons  of  the  Element.  —  Lead  is  both 
bivalent  and  quadrivalent.  The  oxides  PbO  and  PbO,,  and  the 
corresponding  hydrated  oxides,  are  all  both  basic  and  acidic.  Lead 
monoxide  is  a  fairly  active  base,  comparable  with  cupric  oxide,  but 
lead  dioxide  is  a  feeble  one.  Both  are  feebly  acidic.  The  salts  of 
bivalent  lead,  like  Pb(N08)2,  commonly  called  the  plumbic  salts,  are 
somewhat  hydrolyzed  by  water,  but  less  so  than  are  those  of  tin. 
The  tetrachloride  and  other  salts  of  quadrivalent  lead  are  completely 
hydrolyzed.  The  plumbites  Na2.PbOa  and  plumbates  Naj.PbOj  are 
hydrolyzed  to  a  considerable  extent.  All  the  compounds  in  which 
lead  is  quadrivalent  give  up  half  of  the  negative  radical  readily,  and 
are  reduced  to  the  "  plumbic  "  condition.  The  metal  displaces 
hydrogen  with  difficulty,  and  is  easily  displaced  by  zinc.  Lead  com- 
pounds are  all  poisonous,  and  the  effects  of  repeated,  very  minute 
doses  are  cumulative, —  resulting  in  "  lead  colic." 

Occurrence  and  Metallurgy.  —  Commercial  lead  is  almost  aU 
obtained  from  galena  PbS,  which  crystallizes  in  cubes.  This  ore 
often  contains  considerable  amounts  of  silver  sulphide  AgjS. 

The  sulphide  of  lead  is  first  roasted  until  a  sufficient  proportion 
of  it  has  been  converted  into  the  oxide  and  sulphate.  The  furnace- 
doors  are  then  closed,  and  the  temperature  raised  in  order  that  these 
products  may  interact  with  the  unchanged  part  of  the  sulphide: 

PbS  -h  2PbO  -►  3Pb  4-  SOj, 
PbS  -f  PbSO,  ->  2Pb  -f  2SO3. 

Another  plan  consists  in  heating  galenite  with  scrap  iron  or  iron  ores 
and  coal:  PbS  4-  Fe— ►Pb  -f  FeS.  The  molten  ferrous  sulphide 
rises  to  the  top  as  a  matte. 

Physical  and  Chem^ical  Properties.  —  Metallic  lead  is  gray 
in  color,  very  soft,  and  of  small  tensile  strength.  Its  specific  graxaty 
is  11.4,  and  its  melting-point  326°.  While  warm,  it  is  formed  by 
hydraulic  pressure  into  pipes  which  are  used  in  plumbing  and  for 
covering  electric  cables.  On  account  of  its  very  slow  interaction 
with  most  substances,  sheet  lead  is  used  in  chemical  factories,  for 
example,  to  line  sulphuric-acid  chambers.  An  alloy  containing  0.5 
per  cent  of  arsenic  is  used  in  making  small  shot  and  shrapnel  bullets. 


Type-metal  contains  20-25  per  cent  of  antimony  (?.«.)■  I"  both 
cases  greater  hardness  is  secured  by  the  addition  of  the  foreign  metal. 

Lead  oxidizes  very  superficially  in  the  air.  The  suboxide  Pb,0  is 
supposed  to  be  first  formed.  The  6nal  covering  is  a  basic  carbonate. 
Contact  with  hard  waters  confers  upon  lead  a  similar  coating  com- 
posed of  the  carbonate  and  the  sulphate.  These  deposits,  being 
insoluble,  inclose  the  metal  and  protect  the  water  from  contamina- 
tion with  lead  compounds.  Pure  rain-water,  however,  since  it  has 
no  hardness,  and  contains  oxygen  in  solution,  gives  the  hydroxide 
Pb(OH)j,  which  is  noticeably  soluble.  When  heated  in  the  air, 
lead  gives  the  monoxide  PbO  or  minium  Pb,0„  the  latter  at 
lower  temperatures. 

The  metal  displaces  hydrogen  from  hydrochloric  acid  slowly.  It 
is  hardly  aflfected  by  concentrated  sulphuric  acid  (cf.  p.  262).  Nitric 
acid  attacks  it  readily,  giving  lead  nitrate  and  oxides  of  nitrogen 
(p.  298). 

I  Chlorides  and  Iodide.  —  Phunbic  cUoridv  PbCl,  is  precipitated 
when  a  soluble  chloride  is  added  to  a  solution  of  a  lead  salt.  It  is 
slightly  soluble  in  water  {1.5  :  100)  at  18°,  and  much  more  so  at  100°. 

Lead  tetTkchloride  PbCI,  is  a  solid  at  —  \5^,  and  loses  chlorine  at 
the  ordinary  temperature.  It  is  made  by  passing  chlorine  into 
plumbic  chloride  suspended  in  hydrochloric  acid.  The  solution 
appears  to  contain  HjPbCI,.  When  this  is  thrown  into  cold,  con- 
centrated sulphuric  acid,  an  oil,  PbCl,,  settles  to  the  bottom.  The 
oil  fumes  in  the  air,  and  closely  resembles  stannic  chloride  SnCl,. 
With  little  water,  it  slowly  deposits  PbCl,  and  gives  o£f  chlorine. 
With  much  wat«r  it  is  quickly  hydrolyzed,  and  lead  dioxide  is 
thrown  down:  PbCl,  -I-  2H,0  -.  PbO,  +  4HCI. 

Thfi  yellow  lead  iodida  Pbl,  is  formed  by  precipitation.  It  crys- 
tallizes in  yellow  scales  from  solution  in  hot  water. 

Oxldea  and  ITydroxtdeB.  —  There  are  five  diBferent  oxides  of 
lead,  Pb,0.  PbO,  Pb,0„  Pb^O,,  and  PbO,.  The  Boboxide  Pb,0  is  a 
dark-gray  powder,  forme<l  by  gently  heating  the  oxalate.  Plombio 
oxide,  or  lead  monoxide  P1>0,  is  made  by  cupellation  (p.  418)  of 
lead,  and  the  solidified,  crystalline  maas  of  yellowish-red  color  is 
.sold  as  "  litharge."  .\ll  the  other  oxides  yield  this  one  when  they 
are  heated  above  600°  in  the  air.    Plumbic  oxide  takes  up  carboD 
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dioxide  from  the  air,  and  therefore  usually  contains  a  basic  carbonate. 
The  oxide  is  used  in  glass-making  and  for  preparing  salts  of  lead. 

Plumbic  hydroxide  PbCOH),  is  formed  by  precipitation.  It  gives  up 
water  in  stages,  the  successive  products  being  Pb(OH)„  Pb,0(OH)„ 
PbsOsCOH),.  These  substances  are  equivalent  in  composition  to 
PbO,H20,  2PbO,H20,  and  3PbO,H,0  respectively.  The  hydroxide 
is  observably  soluble  in  water,  and  gives  a  solution  with  a  faintiy 
alkaline  reaction.  With  acids  it  forms  salts  of  lead.  It  interacts 
also  with  potassium  and  sodium  hydroxides  to  form  the  soluble 
phimbites,  like  sodium  plombita  Na2.Pb03. 

Minium,  or  red  lead,  PbjO^,  gives  off  oxygen  when  heated: 

2Pb304  ^  6PbO  +  Oj. 

On  account  of  unequal  heating  during  manufacture,  commercial  red 
lead  is  never  fully  oxidized,  and  always  contains  litharge.  Con- 
versely, commercial  litharge  usually  contains  a  little  minium. 

Minium,  when  heated  with  warm,  dilute  nitric  acid,  is  decomposed, 
and  leaves  lead  dioxide  as  an  insoluble  powder.  It  is  therefore 
regarded  as  lead  orthoplumbate  (see  below) : 

Pbo.PbO,  +  4HN03?z>2Pb(N03)2  +  H.PbO,. 

The  double  decomposition  as  a  salt  that  it  thus  undergoes  is  followed 
by  dehydration  of  the  plumbic  acid,  which  is  unstable  (H^PbO^  — > 
PbOj  +  2H2O),  and  the  dioxide  remains.  Red  lead  is  used  in 
glass-making,  and,  when  mixed  with  oil,  gives  a  red  paint. 

Lead  dioxide  PbOj  may  be  obtained  as  described  above  in  the  form 
of  a  brown  powder.  It  is  usually  made  by  adding  bleaching  powder 
to  an  alkaline  solution  of  plumbic  hydroxide: 

Na^.PbOj  +  Ca(OCl)Cl  +  H20->2NaOH  -f-  CaCl,  +  PbO,|. 

In  this  action  we  may  regard  the  free  lead  hydroxide,  formed  by 
hydrolysis  of  the  plumbite,  as  being  oxidized  by  the  bleaching  pow- 
der. Lead  dioxide  is  an  active  oxidizing  agent.  It  interacts  with, 
and  sets  fire  to,  a  stream  of  hydrogen  sulphide,  and  it  liberates 
chlorine  from  hydrochloric  acid.  With  acids  it  gives  no  hydrogen 
peroxide,  and  is  not  a  peroxide  in  the  restricted  sense  of  the  term 
(p.  212).  Lead  dioxide  interacts  with  potassium  and  sodium  hydrox- 
ides, giving  soluble  plumbates.  The  potassium  salt  KjPbOj.SHjO  is 
analogous  to  the  metastannate  KjSnOjjSHjO  (p.  454).     A  mixture 
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of  calcium  carbonate  and  lead  monoxide  absorbs  oxygen  when  heated 
in  a  stream  of  air,  and  the  yellowish-red  calcium  orthoplumbate  is 
formed: 

4CaC03  +  2PbO  +  0^t=±  2CajPb04  +  4C0,. 

The  action  is  reversible,  and  is  at  the  basis  of  Kassner's  method  of 
manufacturing  oxygen  from  the  air. 

Other  8aU8  of  Lead.  —  Lead  nitrate  PbCNOg),  may  be  made 
by  treating  lead,  lead  monoxide,  or  lead  carbonate  with  nitric  acid. 
It  forms  white,  anhydrous  octahedra.  The  nitrate  and  acetate  (see 
below)  are  the  salts  of  lead  which,  because  of  their  solubility  (see 
Table),  are  most  commonly  used.  On  account  of  hydrolysis,  the 
solution  of  the  nitrate  is  acid  in  reaction. 

Lead  carbonate  PbCO,  is  found  in  nature.  It  may  be  formed  as  a 
precipitate  by  adding  a  soluble  bicarbonate  to  lead  nitrate  solution. 
With  normal  sodium  carbonate,  a  basic  carbonate  Pb3(OH)3(CO,)2 
is  deposited.  This  basic  salt  is  identical  with  white  lead,  which,  on 
account  of  its  superior  opacity,  has  better  covering  power  than  zinc- 
white  (p.  432)  or  permanent  white  (p.  405).  The  substance  is  man- 
ufactured in  various  ways,  all  of  which  involve  the  oxidation  of  the 
lead  by  the  air,  the  formation  of  a  basic  acetate  by  the  interaction  of 
vinegar  or  acetic  acid  with  the  oxide,  and  the  subsequent  decompo- 
sition of  the  salt  by  carbon  dioxide.  The  best  quality  is  obtained 
by  the  Dutch  method.  In  this,  gratings  of  cast  lead  are  placed 
above  a  shallow  layer  of  vinegar  in  small  pots.  These  pots  are 
buried  in  manure,  which  by  its  decomposition  furnishes  the  carbon 
dioxide  and  the  necessary  warmth.  The  gratings  are  gradually  con- 
verted into  a  white  mass  of  the  basic  carbonate.  The  vapor  of  ^acetic 
acid  arising  from  the  vinegar  may  be  regarded  as  a  catalytic  agent 
(c/.  p.  54),  since  it  is  used  over  and  over  again. 

Lead  acetate  Pb(C2H302)3,3H,0  is  made  by  the  action  of  acetic  acid 
on  litharge.  It  is  easily  soluble  in  water,  and,  from  the  sweet  taste 
of  the  solution,  is  named  sugar  of  lead  (used  in  medicine).  The 
basic  salt  Pb(OH)(C3H302)  is  formed  by  boiling  a  solution  of  lead 
acetate  with  excess  of  litharge.  Unlike  most  basic  salts,  this 
basic  salt  is  soluble  in  water,  and  its  solution  has  a  faintly  alkaline 
reaction. 

Lead  snlphate  PbSOi  occurs  in  nature  as  anglesite.  Being  insol- 
uble in  water,  it  is  easily  obtained  by  precipitation. 
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Natural  laad  loliihide  PbS  (galena)  is  black,  and  its  Cfystals  have 
a  silveiy  luster.  The  precipitated  salt  is  amorphous.  It  is  more 
easily  attacked  by  active  acids  than  is  mercuric  sulfide  (</.  p.  438). 

Analytical  ReacHans  of  Lead  Catnpoundsm  —  Hydrogen 
sulphide  precipitates  the  black  sulphide,  even  when  dilute  adds  are 
present.  Sulphuric  acid  throws  down  the  sulphate.  Potassium 
hydroxide  gives  the  white  hydroxide,  which  dissolves  in  excess  to 
form  the  plumbite.  Potassium  chromate  or  dichromate  (q.v.)  gives 
a  yellow  precipitate  of  ImuI  chromate  PbCrO^,  which  is  used  as  a 
pigment  under  the  name  of  "  chrome-yellow." 

TrrANiuM;  Zirconium,  Cerium,  Thorium. 

The  metals  on  the  left  side  of  the  fifth  column  of  the  periodic  table 
are  all  quadrivalent,  although  compounds  in  which  a  lower  valence 
appears  are  numerous  in  this  family.  The  first  two  are  feebly  base- 
forming  as  well  as  feebly  acid-forming;  the  last  two  are  base-forming 
exclusively. 

Titanium  occurs  in  rutile  TiTiOi.  Derived  from  it  are  a  number  of 
titanates  of  the  form  K^TiO,.  Zirconium  is  found  in  zircon,  the 
orthosilicate  of  zirconium  ZrSiO^.  The  oxide  is  used  in  making  the 
incandescent  substance  in  some  forms  of  gas  lamps. 

Oeriom  occurs  chiefly  in  cerite  [Ce,  La,  Nd,  Pd]  SiO^jH^O  (c/.  p. 
443). 

Thorium  is  found  in  thorite  ThSiO^,  but  most  of  the  supply  comes 
from  monazite  sand.  The  nitrate  Th(N03)4,6H30  is  used  in  making 
Welsbach  incandescent  mantles  (c/.  Flame,  p.  338). 

The  Nemst  lamp  is  an  incandescent  electric  lighting  arrangement 
in  which  a  rod  of  the  oxides  of  several  of  the  rare  metals  takes  the 
place  of  the  common  carbon  filament.  The  peculiarity  of  this  lamp 
is  that  preheating  is  required  before  the  rod  attains  a  temperature  at 
which  it  will  conduct  the  current.  When  this  point  has  been  once 
reached,  the  resistance  enables  the  current  to  maintain  the  rod  at 
the  temperature  of  incandescence.  For  equal  consumptions  of 
electricity,  this  form  of  electric  lamp  gives  a  greater  yield  of  light 
than  does  the  ordinary,  carbon-filament,  incandescent  bulb. 

Exercises.  —  1.  In  what  order  should  you  place  the  elements 
dealt  with  in  this  chapter,  beginning  with  the  least  metallic,  and  end- 
ing with  the  most  metallic  (p.  353)7 
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2.  Construct  equations  showing,  (a)  the  interaction  of  tin  and  con- 
centrated sulphuric  acid,  (6)  of  water  and  stannous  chloride,  (c) 
of  oxygen  and  stannous  chloride  in  acid  solution,  (d)  the  decom- 
position of  lead  oxalate  (p.  457),  (e)  the  interaction  of  lead  mon- 
oxide and  acetic  acid,  (/)  and  of  lead  monoxide  and  lead  acetate. 

3.  To  which  class  of  ionic  actions  (pp.  243, 253, 412)  do  the  reduc- 
tions by  stannous  chloride  and  by  tin  (p.  453)  belong? 

4.  What  interactions  probably  occur  when  lead  dioxide  liberates 
chlorine  from  hydrochloric  acid? 

5.  How  should  you  set  about  preparing,  (a)  lead  oxalate  (in- 
soluble), (6)  lead  chlorate  (soluble)? 


CHAPTER  XL 
ABBXNIO,   AllTIMONYy  BISMITTH 

This  family  is  very  closely  related  to  the  elements  phosphorus  and 
nitrogen  which  precede  it  in  the  same  colmnn  of  the  periodic  table. 
In  reading  this  chapter,  therefore,  constant  reference  should  be  made 
to  the  chemistry  of  the  corresponding  compounds  of  phosphorus. 
For  a  general  comparison  of  the  elements  araenic  (As,  at.  wt.  75), 
antimony  (Sb,  at.  wt.  120.2)  and  biamuth  (Bi,  at.  wt.  208)  with  each 
other  and  with  the  two  already  disposed  of,  see  p.  471.  It  is  sufficient 
here  to  say  that  arsenic  is  mainly  an  acid-forming  element,  and  is 
therefore  a  non-metal,  while  antimony  is  both  acid-forming  and 
base-forming,  and  bismuth  is  base-forming.  Each  of  the  three 
elements  gives  two  sets  of  compounds,  in  which  it  is  trivalent,  and 
quinquivalent,  respectively.  None  of  the  free  elements  displaces 
hydrogen  from  dilute  acids. 

Arsenic  As. 

The  Chemical  Relations  of  the  Element.  —  Arsenic  forms  a 
compound  with  hydrogen  AsH,.  It  gives  several  halogen  derivatives 
of  the  type  AsXj  which  are  completely  hydrolyzed  by  water.  Its 
oxides  and  hydroxides  are  acidic. 

Sulphates,  nitrates,  carbonates,  and  other  salts  of  arsenic  are  not 
formed.    The  complex  sulphides  (p.  455)  are  important. 

Occurrence  and  Preparation, — Arsenic  is  found  free  in  nature. 
It  occurs  also  in  combination  with  many  metals,  particularly  in 
arsenical  pyrites  FeAsS.  Two  sulphides  of  arsenic,  orpiment  AsjS, 
and  realgar  AsjSj,  and  an  oxide  AsjOj,  are  less  common. 

The  element  is  obtained  either  from  the  native  material  or  by 
heating  arsenical  pyrites:  FeAsS  — >  FeS  +  As.  During  the  roasting 
of  the  sulphur  ores  of  metals,  arsenic  trioxide  is  formed  by  the  oxida- 
tion of  the  arsenic  so  frequently  present,  and  collects  as  a  dust  in  the 

flues. 

462 


ARSENIC  468 

Bhy9ieal  and  Chemical  Bn^perties. — The  free  element  is  steel- 
gray  in  color,  metallic  in  appearance,  and  crystalline  in  form.  It  is 
easily  volatilized  at  180°,  and  acquires  a  vapor  pressure  of  760  mm. 
long  before  the  melting-point  (480°,  under  high  pressure)  is  reached. 
The  density  of  the  vapor  measured  at  644°  gives  308.4  as  the  weight 
of  the  G.M.V.  (22.4  liters  at  0°  and  760  mm.).  The  weight  of  arsenic 
combining  with  one  chemical  unit  weight  (35.45  g.)  of  chlorine,  is 
25  g.  Three  times  this  amount,  or  75  g.,  is  the  smallest  weight  found 
in  the  G.M.V.  of  any  volatile  compoimd  of  arsenic,  and  is  therefore 
accepted  as  the  atomic  weight  (p.  134).  Since  308.4  is  equal  approxi- 
mately to  4  X  75  (=  300),  the  formula  of  the  vapor  of  the  simple 
substance  at  644°  is  As^.    At  1700°  the  formula  is  As,  (c/.  p.  146). 

The  free  element  bums  in  the  air,  producing  clouds  of  the  solid 
trioxide  AsjO,.  It  unites  directly  with  the  halogens,  with  sulphur, 
and  with  many  of  the  metals.  When  boiled  with  nitric  acid,  chlorine 
water,  and  other  powerful  oxidizing  agents  (p.  194),  it  is  oxidized  in 
the  same  way  as  is  phosphorus,  and  yields  arsenic  acid  H3ASO4. 

Araine  AsH^.  —  This  substance  corresponds  in  composition  to 
ammonia  and  phosphine,  and  some  of  the  ways  in  which  it  may  be 
formed  are  analogous  to  those  used  in  the  case  of  these  substances. 
Thus,  when  arsenic  and  zinc  are  melted  together  in  the  proportions 
to  form  line  arsenide  ZngAs,,  and  the  product  is  treated  with  dilute 
hydrochloric  acid,  the  result  is  similar  to  the  action  of  water  or  dilute 
acids  upon  calcium  phosphide,  and  arsine  is  evolved  as  a  gas: 

Zn,As,  +  6HC1  ->  2ASH3  +  3ZnClj. 

Arsine  (arsenuretted  hydrogen)  is  formed  also  by  the  action  of  nas- 
cent hydrogen  (c/.  p.  302)  upon  soluble  compounds  of  arsenic.  When 
a  solution  of  arsenious  chloride  AsClg  or  arsenic  acid  is  added  to 
zinc  and  hydrochloric  acid  in  a  generating  flask,  arsine  is  formed: 

AsCla  -f  3Ha  ->  AsH,  -f  3HC1. 

Pure  arsine  may  be  secured  by  leading  this  mixture  with  hydrogen 
through  a  U-tube  immersed  in  liquid  air.  The  arsine  (b.-p.  —  40°) 
condenses  as  a  colorless  liquid. 

Arsine  bums  with  a  bluish  flame,  producing  water  and  clouds  of 
arsenic  trioxide:  2 AsH,  -f  30,  — ►  3HjO  -f  ASjO,.  The  combustion 
of  hydrogen  containing  arsine,  generated  as  just  described,  gives  the 


464  COLLEGE  CHEMI8TBT 

same  substances.  Since  arsine,  when  heated,  is  readily  disBOciated 
mto  its  constituents  {cf.  p.  251),  the  vapor  of  free  arsenic  is  present 
in  the  interior  of  the  hydrogen  flame.  This  arsenic  may  be  con- 
densed in  the  form  of  a  metaUic-looking,  brownish  stain  by  inte^ 
position  of  a  cold  vessel  of  white  porcelain.  Even  when  only  a  trace 
of  the  compound  of  arsenic  has  been  added  to  the  materials  in  the 
generator,  the  stain  which  is  produced  is  very  conspicuous.  TUs 
behavior  thus  furnishes  us  with  the  basis  of  an  exceedingly  delicate 
test  —  Marsh's  test  —  for  the  presence  of  arsenic  in  any  soluble 
form  of  combination.  The  compounds  of  antimony  alone  show  i 
similar  phenomenon  (see  Stibine). 

Arsine  is  exceedingly  poisonous,  the  breathing  of  small  amounts 
producing  fatal  effects.  It  differs  from  ammonia  more  markedly 
than  does  phosphine,  for  it  is  not  only  without  action  on  water  or 
acids,  but  does  not  unite  directly  even  with  the  halides  of  hydrogen. 

Halides  of  Arsetiie* — The  haUdes  include  a  liquid  triflnondt 
AsF,,  a  liquid  trichloride,  a  soUd  tiibromide  AsBr,,  and  a  solid  tri- 
iodide  Asl,. 

The  tTichloride  AsCl,,  which  is  prepared  by  passing  chlorine  gas 
into  a  vessel  containing  arsenic,  is  easily  formed  as  the  result  of  a 
vigorous  action.  It  is  a  colorless  liquid  (b.-p.  130^).  When  mixed 
with  water  it  is  at  once  converted  into  the  white,  almost  insoluble 
trioxide.  The  action  is  presumably  similar  to  that  of  water  upon 
the  corresponding  compound  of  phosphorus  (p.  163),  but  the  arseni- 
ous  acid  for  the  most  part  loses  water  and  forms  the  insoluble 
anhydride: 

AsCla  4-  3H2O  ii±  As(0H)3  -h  3HC1, 

2As(0H),  ^  Asfis  i  +  311,0. 

This  action,  however,  differs  markedly  from  the  other  in  that  it  is 
reversible,  and  arsenic  trioxide  interacts  with  aqueous  hydrochloric 
acid,  giving  a  solution  of  arsenious  chloride. 

Oxides  of  Arsenic.  —  Arsenic  trioxide  AsjO,  is  produced  by 
burning  arsenic  in  the  air  and  during  the  roasting  of  arsenical  ores 
(p.  462),  and  is  known  as  "  white  arsenic  "  or  simply  "  arsenic." 
It  is  purified  for  commercial  purposes  by  subliming  the  flue-dust  in 
cylindrical  pots.  The  pure  trioxide  is  deposited  in  a  glassy  form 
in  the  upper  part  of  the  vessel. 
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When  treated  with  water,  the  trioxide  goes  into  solution  to  a 
very  slight  extent  (0.3: 100),  forming  arsenious  acid,  by  reversal  of 
the  second  of  the  actions  given  above.  In  boiling  water  the  solu- 
bility is  greater  (11.5  :  100).  When  heated  in  a  tube  with  carbon,  this 
oxide  is  reduced,  and  the  free  element,  being  volatile,  is  deposited 
upon  the  cold  part  of  the  tube  just  above  the  flame.  The  trioxide 
is  an  active  poison,  since  it  gradually  passes  into  solution,  forming 
arsenious  acid. 

The  pentoxide  AS3O5  is  a  white  crystalline  substance,  formed  by 
heating  arsenic  acid:  2HjAs04  — ►  AsjOj  4-  3HaO.  When  raised  to 
a  higher  temperature,  it  loses  a  part  of  its  oxygen,  leaving  the 
trioxide.  In  consequence  of  this  instability,  it  cannot  be  formed  by 
direct  union  of  oxygen  with  the  trioxide,  after  the  manner  of  phos- 
phorus pentoxide. 

Acids  of  Arsenic.  —  When  elementary  arsenic  or  arsenious 
oxide  is  treated  with  concentrated  nitric  acid,  or  with  chlorine  and 
water,  orthoanonic  acid  H3ASO4  is  produced.  The  substance,  a 
deliquescent  white  solid,  possesses  a  composition  similar  to  that  of 
orthophosphoric  acid  and,  like  the  latter  (p.  309),  when  heated  loses 
water  in  progressive  stages,  furnishing  intermediate  acids  —  pyro- 
arsenic  acid  and  metarsenic  acid  —  and  finally  the  pentoxide.  The 
relationship  of  the  substances  is  shown  by  the  formulse: 

H3ASO4  -*  H^AsjO,  -*  HAsOj  ->  AsjO,. 

These  acids  differ  from  the  corresponding  compoimds  of  phosphorus 
in  that  upon  solution  in  water  they  immediatdy  pass  back  into  the 
ortho-acid.  With  metaphosphoric  acid,  also,  the  final  elimination 
of  all  the  water  by  simple  heating  is  impossible.  The  chocolate- 
brown  silver  orthoarsenate  AgjAsO^  and  the  white  MgNH^AsO^,  like 
the  corresponding  phosphates,  are  insoluble  in  water. 

Arsenious  acid  HgAsO,,  like  sulphurous  and  carbonic  acids,  loses 
water,  and  3rields  the  anhydride  (arsenic  trioxide)  when  the  attempt 
is  made  to  obtain  it  from  the  aqueous  solution.  The  potaMimn  and 
sodium  arsenites,  K,AsO,  and  Na,AsO„  are  made  by  treating  arsenic 
trioxide  with  caustic  alkalies,  and  are  much  hydrolyzed  by  water. 
The  arsenites  of  the  heavy  metals  are  insoluble,  and  can  be  made  by 
precipitation.  Paris  green  (p.  415)  is  an  arsenite  of  copper.  In 
cases  of  poisoning  by  white  arsenic,  freshly  precipitated  ferric 
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hydroxide  (or  the  same  compound  in  colloidal  solution)  or  magne- 
sium hydroxide  is  administered,  since  by  interaction  with  the 
arsenious  acid  they  form  insoluble  arsenates  and  arsenites. 

Sulphides  of  Arsenic^  —  Arsenic  ponttsnlpliide  As^S^  is  obtained 
as  a  yellow  powder  by  decomposition  of  the  sulpharsenates  (see 
below),  and  by  leading  hydrogen  sulphide  into  a  solution  of  arsenic 
acid  in  concentrated  hydrochloric  acid. 

ArseniooB  snlphide  AsjS,  occurs  in  nature  as  orpiment,  and  was 
formerly  used  as  a  yellow  pigment  (auripigmentum).  The  word 
arsenic  is  derived  from  the  Greek  name  for  this  mineral  (dpooucor). 
It  is  obtained  as  a  citron-yellow  precipitate  when  hydrogen  sulfide 
is  led  into  an  aqueous  solution  of  arsenious  chloride. 

Realgar  AsjS,  is  a  natural  sulphide  of  orange-red  color,  and  is  also 
manufactured  by  subliming  a  mixture  of  arsenical  p3rrites  and  pyrite: 

2FeAsS  +  2FeSj  -*  4FeS  +  As^  t- 

It  bums  in  oxygen,  forming  arsenious  oxide  and  sulphur  dioxide,  and 
is  mixed  with  potassium  nitrate  and  sulphur  to  make  ''  Bengal 

Ughts/' 

Sulpharsenites  and  Sulphar senates ^  —  The  sulphides  of 
arsenic  interact  with  solutions  of  alkali  sulphides  after  the  manner 
of  the  sulphides  of  tin  (p.  455),  giving  soluble,  complex  sulphides. 
Arsenious  sulphide  with  colorless  ammonium  sulphide  gives  ammo- 
nium sulpharsenite,  and  with  the  yellow  sulphide  gives  ammonium 
sulpharsenate: 

3(NH,)2S  +  As2S3->2(NH,)s.A8S3, 
3(NH,)2S  +  AS2S3  +  2S-*2(NH0rAsS4. 

Proustite  (p.  417)  is  a  natural  sulpharsenite  of  silver. 

These  salts  are  decomposed  by  acids,  and  give  the  feebly  ionised 
sulpharsenious  or  sulpharsenic  acid: 

(NH,)s.AsSs  +  3HC1  ->  3NH,C1  -f  HjAsS,  ->  3H,S  f  +  As^,  \ 
(NHJj.AsS,  +  3HC1  ->  3NH,C1  +  H3ASS,  -♦  3H^  \  4-  As^  |. 

These  sulpho-acids,  however,  at  once  break  up,  giving  hydrogen 
sulphide  as  a  gas,  and  the  sulphides  of  arsenic  as  yellow  precipitates. 
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Antimony  Sb. 

27^  ChenUetU  ReiaHans  of  the  Element.  —  Antimony 
resembles  arsenic  in  forming  a  hydride  SbH,  and  halides  of  the  forms 
SbX,  and  SbX^.  The  latter  are  partially  hydrolyzed  by  water  with 
ease,  but  complete  hydrolysis  is  difficult  to  accomplish  with  cold 
water.  The  oxide  SbsO,  is  basic  and  also  feebly  acidic,  and  the 
oxide  SbjOj  is  acidic.  The  compositions  of  the  compounds  are  similar 
to  those  of  the  compounds  of  arsenic,  but  there  are  in  addition  salts, 
such  as  SbjCSO^),,  derived  from  the  oxide  SbjO,.  The  element 
gives  complex  sulphides. 

Occurrence  and  BreparaHan.  —  Antimony  occurs  free  in 
nature.  The  black  trisulphide  Sb^S,,  stibnite,  is  found  in  Hungary 
and  Japan,  and  forms  shining,  prismatic  crystals.  Stibnite  is 
roasted  in  the  air  in  order  to  remove  the  sulphur,  and  the  white 
oxide  which  remains  is  mixed  with  carbon  and  reduced  by  strong 

^^^'  SbjS,  4-  50, -♦  SbjO,  +  3S0„ 

SbjO,  +  4C ->  2Sb  +  4C0. 

Broperties.  —  Antimony  is  a  white,  crystalline  metal.  It  is 
brittle,  and  easily  powdered.  Its  vapor  at  164CP  has  the  formula 
Sbj,  while  at  lower  temperatures  Sb^  is  present.  It  is  used  in  making 
alloys  such  as  type-metal,  stereotype-metal,  and  britannia  metd 
(g.v.).  The  alloys  of  antimony  expand  during  solidification,  and 
therefore  give  exceptionally  sharp  castings. 

The  element  unites  directly  with  the  halogens.  It  does  not  rust, 
but  when  heated  it  bums  in  the  air,  forming  the  trioxide  SbjO,  or  a 
higher  oxide  SbjO^.  When  heated  with  nitric  acid,  it  yields  the 
trioxide  and,  with  more  difficulty,  antimonic  acid  (H^bOJ. 

Stibine  SbHy  —  The  hydride  of  antimony  SbH,  is  formed  by  the 
action  of  zinc  and  hydrochloric  acid  on  any  soluble  compoimd  of  anti- 
mony. By  the  action  of  dilute,  cold  hydrochloric  acid  on  an  alloy  of 
antimony  and  magnesium  (1  :  1),  a  mixture  of  hydrogen  and  stibine 
containing  as  much  as  11.5  per  cent  (by  volume)  of  the  latter  rtiny  be 
made.  It  is  separated  by  cooling  with  liquid  air  (b.-p.  —  18®,  m.-p. 
—  91.5°).  It  is  more  easily  dissociated  than  is  arsine  (p.  464),  and 
forms  a  deposit  of  antimony  when  a  porcelain  vessel  is  held  in  the 
flame. 
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Antifnony  HaUdes.  —  The  balides  include  the  trichloride;  the 
pontachloride  SbCl^,  a  liquid  (b.-p.  140°) ;  the  tribromida  SbBr„  tri- 
iodide  Sbl„  trifluoride  SbF„  and  pont«flaoride  SbF^. 

Antimony  trichloride  SbCl,  is  made  by  direct  union  of  chlorine  and 
antimony.  It  forms  large,  soft  crystals  (m.-p.  73°),  and  used  to  be 
named  "  butter  of  antimony."  When  treated  with  little  water,  it 
forms  a  white,  opaque,  insoluble  basic  salt,  antimony  oxy chloride: 

SbCla  4-  H,0  4=±  SbOCl  j  +  2Ha. 

With  a  large  amount  of  water,  a  greater  proportion  of  the  chlorine  is 
removed,  and  Sb^Clz  (=  2SbOCl,SbjOB)  remains.  With  boiling 
water  the  oxide  is  finally  formed.  The  action  is  not  complete  as  long 
as  hydrochloric  acid  is  present.  It  may  therefore  be  reversed,  so 
that,  on  addition  of  hydrochloric  acid  to  the  mixture,  a  clear  solution 
of  the  trichloride  is  re-formed.  If  the  concentration  of  the  add  is 
once  more  reduced  by  dilution  with  water,  the  oxychloride  is  again 
precipitated. 

OoDides   of  Antifnony.  —  The    trioxide   Sb^O,  is  obtained  by 

oxidizing  antimony  with  nitric  acid,  or  by  combustion  of  antimony 
with  a  limited  supply  of  oxygen.  It  is  a  white  substance,  insoluble 
in  water.  It  is  in  the  main  a  basic  oxide,  interacting  with  many 
acids  to  form  salts  of  antimony.  But  it  interacts  also  with  alkalies, 
giving  soluble  antimonites.  The  pentoxide  SbjO^  is  a  yellow,  amor- 
phous substance,  obtained  by  heating  antimonic  acid.  It  combines 
only  with  bases  to  form  salts,  and  is  therefore  an  acid-forming 
oxide  exclusively.  The  tetroxide  Sb^O^  is  formed  by  heating  anti- 
mony or  the  trioxide  in  excess  of  oxygen.  It  is  neither  acid-  nor 
base-forming. 

Salts  of  Antimony*  —  The  nitrate  SbCNO,),  and  the  snlphato 

SbjCSOi),  are  made  by  the  interaction  of  the  trioxide  with  nitric  and 
sulphuric  acids.  They  are  hydrolyzed  by  water,  giving  basic  salts, 
such  as  (SbO)2SO,  ( =  SbjO^SOJ,  which,  Uke  SbOCl,  are  derived  from 
the  hydroxide  SbO(OH).  When  the  trioxide  is  heated  with  a  solu- 
tion of  potassium  bitartrate  KHC4H40e,  a  basic  salt  K(SbO)C4H40^ 
known  as  tartar-emetic,  is  formed.  This  is  a  white,  crystalHne  sub- 
stance which  is  soluble  in  water  and  is  used  in  medicine.  The  uni- 
valent group  SbO'  is  known  as  antimonyl,  and  the  above  mentioned 
basic  compounds  are  often  called  antimonyl  sulphate,  etc. 
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AnHmonte  Acid.  —  By  vigorous  oxidation  of  antimooy  with 
nitric  acid,  or  by  decomposing  the  pentachloride  with  water,  a 
white,  insoluble  substance  of  the  approximate  composition  H^bO, 
is  obtained.  This  substance  interacla  with  caustic  potash  and 
passes  into  solution.  But  the  salts  which  have  been  made  are  pyro- 
and  metantimoniates.  Thus,  when  antimony  is  fused  with  niter, 
potusium  matantimoDiata  KSbO,  is  formed.  When  dissolved,  this 
salt  takes  up  water,  ^ving  a  solution  of  the  acid  potassium  pjroanti- 
moniate:  ^KSbO.  +  H,0  ^  K,H,Sb,0,. 

If  this  is  added  to  a  strong  solution  of  a  salt  of  sodium,  an  acid 
■odiom  pyioantimoniate  b  thrown  down,  Na^HjSbjO,.  This  is  almost 
the  only  insoluble  salt  of  sodium. 

Sulphides  of  AtUitnony.  —  The  triBulphida  Sb]S,  is  found  in 
nature  as  the  black,  crystalline  stibnite.  As  precipitated  from  solu- 
tions of  salts  of  antimony,  the  trisulphide  is  an  orange-red  powder, 
which,  hon'ever,  after  melting,  assumes  the  appearance  of  Btibmte: 

2SbCl,  +  3H^  ^  Sb,S,  I  +  6HC1. 

Antimony  trisulphide.  like  cadmium  sulphide  {p.  435),  cannot  be 
precipitated  in  presence  of  concentrated  hydrochloric  acid. 

The  pantaanlpbide  8b,Sj  is  obtained  by  the  ciecompoeitioi]  of 
sulphantimoniates  (see  below).  In  appearance  it  resembles  the 
trisulphide  and,  when  heated,  decomposes  into  thia  substance  and 
free  sulphur. 

The  sulphides  of  antimony  behave  towards  solutions  of  the  alkali 
sulphides  as  do  the  sulphides  of  arsenic  (p.  466).  The  trisulphide 
■diffiolves  in  colorless  ammonium  sulphide  with  difficulty,  forming  an 

istable,  soluble  ammonium  Bulphantimonlte 

Sb,S,  +  3(NH,),S^2(NHJ,SbS,. 

With  the  pentasulphide  or  with  yellow  ammonium  sulphide  the 
soluble  ammonlnm  inlphaiitimoBiat*  is  readily  formed: 

kSbA  +  3(NH,)^  -.2(im,),.8b8„ 
Sb^,  +  3(NH,)^  +  2S-.2(NH0,.SbS,. 

The  most  familiar  substance  of  this  class  is  ScbUppo'a  uH  Na,SbS„ 
9H,0.    Pyrargyrite  (p.  417)  is  a  natural  sulphantimonite. 


^ 
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When  acids  are  added  to  solutions  of  sulphantimoniates,  the 
sulphantimonic  acid  which  is  liberated  decomposes,  and  antimonj 
pentasulphide  is  thrown  down  (see  under  Arsenic,  p.  466). 

Bismuth. 

The  Chemical  ReUUUms  of  the  Eiemeni.  —  Bismuth  forms 
no  compound  with  hydrogen.  Its  compounds  with  the  halogens  are 
of  the  form  BiXj  and  are  hydrolyzed  by  water  giving  basic  salts. 
The  oxide  Bi^Oj  is  basic,  and  the  oxide  Bi^O^  is  not  acidic.  Bismuth 
gives  a  carbonate,  nitrate,  phosphate,  and  other  salts,  in  which  it 
acts  as  a  trivalent  element.    It  forms  no  soluble  complex  sulphides. 

Occurrence  and  Bropertiesm  —  This  element  is  found  free  in 
nature,  and  also  as  trioxide  Bi20,  and  trisulphide  Bi^,.  It  is  a 
shining,  brittle  metal  with  a  reddish  tinge  (m.-p.  270°).  Bfixtures 
of  bismuth  with  other  metals  of  low  melting-point  fuse  at  lower 
temperatures  than  do  the  separate  metals.  This  is  a  corollary  of 
the  fact  that  a  solution  freezes  at  a  lower  temperature  than  does  the 
pure  solvent  (p.  204).  Thus,  Wood's  metd,  containing  bismuth 
(m.-p.  270°)  4  parts,  lead  (m.-p.  326°)  2  parts,  tin  (m.-p.  233°)  1 
part,  and  cadmium  (m.-p.  320°)  1  part,  melts  at  60.5°,  considerably 
below  the  boiling-point  of  water.  Similar  alloys  are  used  for  safety 
plugs  in  steam-boilers  and  sprinklers. 

Bismuth  does  not  tarnish,  but  when  heated  strongly  it  bums  to 
form  the  trioxide.  With  the  halogens  it  forms  a  fluoride  BiF„  a 
bromide  BiBrg,  and  an  iodide  Bilg.  When  the  metal  is  treated  with 
oxygen  acids,  or  the  trioxide  with  any  acids,  salts  are  produced. 

Compounds  of  Bismuth.  —  In  addition  to  the  basic  trioxide 
BijOa,  which  is  a  yellow  powder  obtained  by  direct  oxidation  of  the 
metal  or  by  ignition  of  the  nitrate,  three  other  oxides  are  known  — 
BiO,  Bi^O,,  and  Bi.O,.  None  of  these,  however,  is  either  acid- 
forming  or  base-forming. 

The  salts  of  bismuth,  when  dissolved  in  water,  give  insoluble  basic 
salts,  and  the  actions  are  reversible,  the  basic  salts  being  redissolved 
by  addition  of  an  excess  of  the  acid.  In  the  case  of  the  chloride 
BiCl3.H,0  and  the  nitrate  Bi(N03)3,5HjO,  the  actions  taking  place 

^^*  BiCl,  -h  2H2O  ;=>  Bi(0H)3a  +  2HC1, 

Bi(NO,),  +  2H2O  ?:±  Bi(OH)3N03  +  2HN0,. 
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The  former  of  these  products,  when  dried,  loses  a  molecule  of  water, 
giving  the  oiychloride  BiOCl.  The  oxynitrate  Bi(OH),NO,  is  much 
used  in  medicine  under  the  name  of  "  subnitrate  of  bismuth." 

The  brownish-black  tri8ii4»hid6  Bi^S,  may  be  obtained  by  direct 
union  of  the  elements,  or  by  precipitation  with  hydrogen  sulphide. 
This  sulphide  is  not  affected  by  solutions  of  ammonium  sulphide  or 
of  potassium  sulphide.  It  differs,  therefore,  markedly  from  the 
sulphides  of  arsenic  and  antimony  in  its  behavior. 

The  Family  as  a  Whole. 

The  elements  themselves  change  progressively  in  physical  proper- 
ties as  the  atomic  weight  increases.  Nitrogen  is  a  gas  which  with 
sufficient  cooling  yields  a  white  solid,  phosphorus  an  almost  white, 
or  a  red  solid,  and  arsenic,  antimony,  and  bismuth  are  metalUc  in 
appearance.  The  first  combines  directly  with  hydrogen,  the  next 
three  give  hydrides  indirectly,  and  the  last  does  not  unite  with 
hydrogen  at  all.  The  hydride  of  nitrogen  combines  with  water  to 
form  a  base,  while  the  other  hydrides  show  no  such  tendency. 
Ammonia  unites  with  acids,  including  those  of  the  halogens,  to 
form  salts;  phosphine  with  the  hydrogen  halides  only;  the  others  do 
not  combine  with  acids  at  all.  As  regards  their  metallic  properties, 
in  the  chemical  sense,  nitrogen  and  phosphorus  do  not  by  themselves 
form  positive  ions,  and  furnish  us  therefore  with  no  salts  whatever. 
Arsenic  gives  a  trivalent  positive  ion,  which  is  found  in  solutions  of 
the  halides  only.  It  forms  no  normal  sulphates,  nitrates,  or  other 
salts.  Antimony  and  bismuth  both  give  trivalent  positive  ions. 
The  sulphates,  nitrates,  etc.,  of  antimony,  however,  are  readily 
decomposed  by  water  with  precipitation  of  the  hydroxide.  The 
salts  of  bismuth,  on  the  other  hand,  do  not  readily  give  the  pure 
hydroxide  with  water,  although  they  are  easily  hydrolyzed  to  basic 
salts. 

The  halogen  compounds  of  nitrogen  and  phosphorus  are  com- 
pletely hydrolyzed  by  water,  and  do  not  persist  when  any  water  is 
present,  even  when  excess  of  the  halogen  acid  is  used.  The  halogen 
compounds  of  arsenic  are  completely  hydrolyzed  by  cold  water,  but 
exist  in  solution  in  presence  of  excess  of  the  acids.  The  halogen 
compounds  of  antimony  and  bismuth  are  incompletely  hydrolyzed 
by  cold  water. 
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Each  element  gives  a  trioxide  and  a  pentoxide.  With  nitrogen 
these  are  acid-forming,  being  the  anhydrides  of  nitrous  and  nitric 
acids.  With  phosphorus  the  trioxide  and  the  pentoxide  are  an- 
hydrides of  acids.  With  arsenic  the  trioxide  is  basic  towards  the 
halogen  acids,  and  is  the  first  example  of  a  basic  oxide  which  we 
encounter  in  this  group.  The  pentoxide,  however,  is  acid-forming. 
The  trioxide  of  antimony  is  mainly  base-forming,  although  it  is 
feebly  acid-forming  also.  The  pentoxide  is  acid-forming.  The 
trioxide  of  bismuth  is  base-forming  exclusively,  and  the  pentoxide 
has  no  derivatives. 

These  statements,  which  could  easily  be  expanded,  are  sufiSdent 
to  show  that  when  the  periodic  law  is  borne  in  mind  it  furnishes 
valuable  aid  in  systematizing  the  chemistry  of  a  group  like  this. 

Anaiytical  JEUcteUons  of  Arsenic,  AnHfnony,  and  JBisfnuih. 

—  The  ions  which  are  most  frequently  encountered  are  As"*,  Sb'", 
Bi'",  AsO/'',  and  AsOj''^  The  first  three,  with  hydrogen  sulphide, 
give  colored  sulphides  which  are  not  affected  by  dilute  acids.  The 
sulphides  of  arsenic  and  antimony  are  separable  from  the  sulphide  of 
bismuth  by  solution  in  yellow  ammonium  sulphide.  Marsh's  test 
enables  us  to  recognize  the  presence  of  traces  of  compounds  of 
arsenic  and  antimony.  Oxygen  compounds  of  arsenic,  when  heated 
with  carbon,  give  a  volatile,  metallic-looking  deposit  of  arsenic. 

Vanadium,  Columbium,  Tantalum. 

Of  these  elements,  vanadium  is  less  uncommon  than  the  others. 
It  is  found  in  rather  complex  compounds.  When  these  are  heated 
with  soda  and  sodium  nitrate,  sodium  metavanadate  NaVOj  is  formed, 
and  can  be  extracted  with  water.  The  element  forms  several 
chlorides,  such  as  VClj,  VCI,,  VCl^,  VOCI3,  and  five  oxides,  V,0,  VO, 
V3O3,  VO2,  and  V2O5.  The  element  has  very  feeble  base-forming 
properties,  and  gives  only  a  few  unstable  salts. 

Oolombium  (or  niobium)  and  tantalum  possess  feeble  base-forming 
properties,  their  chief  compounds  being  the  columbates  and  tan- 
talates. 

Exercises.  —  1.  How  do  you  account  for  the  fact  that  the  molec- 
ular weight  of  arsenic  at  644°  is  not  exactly  300,  and  why  is  308.4  -»-  4 
not  accepted  as  the  atomic  weight? 
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2.  Fonnulate  the  series  of  changes  involved  in  the  solution  of 
arsenic  trioxide  and  the  interaction  of  hydrochloric  acid  with  the 
arsenious  acid  so  formed  (c/.  p.  251). 

3.  What  is  the  full  significance  of  the  fact  that  arsenic  penta- 
sulphide  may  be  precipitated  by  hydrogen  sulphide  from  a  solution  of 
arsenic  acid  in  hydrochloric  acid?    Make  the  equation. 

4.  To  what  classes  of  chemical  changes  do  the  interactions  of 
arsenious  sulphide  and  antimony  trisulphide  with  yellow  ammonium 
sulphide  belong? 

5.  Construct  equations  showing  the  interaction  of,  (a)  oxygen  and 
arsenical  pyrites,  (&)  chlorine-water  and  arsenic,  (c)  the  dehydration 
of  orthoarsenic  acid,  {d)  potassium  hydroxide  and  arsenic  trioxide, 
(e)  concentrated  nitric  acid  and  antimony,  (/)  potassium  bitartrate 
and  antimony  trioxide,  (g)  acids  and  ammonium  orthosulphanti- 
moniate. 

6.  How  should  you  set  about  making  Schlippe's  salt? 


CHAPTER  XU 
THE   OHBOBaXJM   FAULT.     RiLDIUM 

The  chromium  (Cr,  at.  wt.  52.1)  family  includes  molybdMnun  (Mo, 
at.  wt.  96),  tungsten  (W,  at.  wt.  184),  and  nraninm  (U,  at.  wt.  238.5), 
and  occupies  the  seventh  column  of  the  periodic  table  along  with  the 
sulphur  and  selenium  family. 

The  Chemical  Relations  of  the  Family.  —  The  features 
which  are  common  to  the  four  elements  are  also  those  which  a£51iate 
them  most  closely  with  their  neighbors  on  the  right  side  of  the  columiL 
They  yield  oxides  of  the  forms  CrOj,  MoO,,  WOj,  and  UO„  which, 
like  SOj,  are  acid  anhydrides,  and  show  the  elements  to  be  sexivalent 
They  give  also  acids  of  the  form  H2XO4,  such  as  chromic  acid  HjCrOi- 
These  acids  correspond  to  sulphuric  acid,  and  their  salts,  for  ex- 
ample the  chro mates,  resemble  the  sulphates. 

Aside  from  the  chromates,  the  first  element  forms  also  two  basic 
hydroxides  Cr(0H)2  and  Cr(0H)3,  from  which  the  numerous  chro- 
mous  (Cr**)  and  chromic  (Cr***)  salts  are  derived.  Uranium  is  base- 
forming,  as  well  as  acid-forming.  Molybdenum  and  tungsten  are 
not  base-forming  elements. 

Chromium  Cr. 

The  Chemical  Relations  of  the  Element.  —  Chromium  gives 
four  classes  of  compounds,  and  most  of  them  are  colored  substances 
(Gk.  xP^t^j  color).  The  chromates  are  derived  from  chromic  acid 
HjCrO^,  which,  however,  is  itself  unstable,  and  leaves  the  anhydride 
CrOg  when  its  solution  is  evaporated.  The  oxide  and  hydroxide  in 
which  the  element  is  trivalent,  namely  CtjO,  and  Cr(OH)j,  are 
weakly  basic  and  still  more  weakly  acidic.  Hence  we  have  chromic 
salts  such  as  CrCl,  and  CnCSO^),  which  are  somewhat  hydrolyzed, 
but  no  carlx^nate,  and  no  sulphide  which  is  stable  in  water.  The 
compounds  in  which  the  same  hydroxide  acts  as  an  acid  are  the 
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chromites,  and  are  derived  from  the  less  completely  hydrated  form 
of  the  oxide  CrO(OH).  Potassium  chromite  K.CrOa  is  more  easily 
hydrolyzed,  however,  than  is  potassium  zincate  or  potassium  alumi- 
nate.  Finally,  the  chromous  salts  such  as  CrCl,  and  CrS04  corre- 
spond to  chromous  hydroxide  CrCOH),  in  which  the  element  is  biva- 
lent. This  hydroxide  is  more  distinctly  basic  than  is  chromic 
hydroxide,  and  forms  a  carbonate  and  sulphide  which  can  be  pre- 
cipitated in  aqueous  solution. 

Occurrence  and  Isolation.  —  Chromium  is  found  chiefly  in 
ferrous  chromite  FeCCrO,),,  which  constitutes  the  mineral  chromite, 
and  in  crocoisite  PbCr04,  which  is  chromate  of  lead.  The  metal 
may  be  made  by  reduction  of  the  oxide  with  aluminium  filings  by 
Goldschmidt's  method  (p.  444). 

Physical  and  Chemical  Propertiesm  —  Chromium  is  steel-gray 
inr  color,  very  hard,  and  extremely  infusible.  It  does  not  tarnish, 
but  when  heated  it  bums  in  oxygen,  giving  the  green  chromic  oxide 
CrjOj.  It  seems  to  exist  in  two  states,  an  active  and  a  passive  one, 
the  relations  of  which  are  still  somewhat  obscure.  A  fragment  which 
has  been  made  by  the  Goldschmidt  method,  or  has  been  dipped  in 
nitric  acid,  is  passive,  and  does  not  displace  hydrogen  from  hydro- 
chloric acid.  When,  however,  the  specimen  is  warmed  with  this 
acid,  it  begins  to  interact,  and  thereafter  behaves  as  if  it  lay  between 
zinc  and  cadmium  in  the  electromotive  series.  If  left  in  the  air,  it 
slowly  becomes  inactive  again. 

Tin  and  iron  with  hydrochloric  acid  form  stannous  and  ferrous 
chloride  respectively,  because  the  higher  chlorides,  if  present,  would 
be  reduced  by  the  active  hydrogen  (p.  302).  Here,  for  the  e^ame 
reason,  chromous  chloride  and  not  chromic  chloride  is  formed: 

Cr  -f  2HC1  ->  CrCl,  +  H,    or    Cr  -f  2H'  ->  Cr"  -f  H,. 

Derivatives  op  Chromic  Acid. 

PotiMsium  Chromate  K^CrO^,  —  This  and  the  sodium  salt,  or 
rather  the  corresponding  dichromates  (see  below),  are  made  directly 
from  chromite,  and  form  the  starting-point  in  the  preparation  of  the 
other  compounds  of  chromium.  The  finely  powdered  mineral  ia 
mixed  with  potash  and  limestone,  and  roasted.  The  lime  is  employed 
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chiefly  to  keep  the  mass  porous  and  accessible  to  the  oxygen  of  the 
air,  the  potassium  compounds  being  easily  fusible: 

4Fe(CrO^,  -f  8K,C0,  -f  70,  -*  2Fe,0,  +  8K,CrO^  +  8C0^ 

The  iron  is  oxidized  to  ferric  oxide,  and  the  chromium  passes  from 
the  state  of  chromic  oxide  in  the  chromite  (FeO,Cr,0,)  to  that  of 
chromic  anhydride  in  the  potassium  chromate  (K^OyCrO,).  Thus, 
more  insight  is  given  into  the  nature  of  the  action  by  the  equation: 

4(FeO,CraOg)  +8(K,0,C0,)  -f  70,-^2Fe,0,-f  8(K,0,CrO,)  +8C0^ 

The  cinder  is  treated  with  hot  potassium  sulphate  solution.  This 
interacts  with  the  calcium  chromate,  which  is  formed  at  the  same 
time,  giving  insoluble  calcium  sulphate: 

CaCrO^  -f  K^4  fc?  CaSO^  I  -f  KjCrO^. 

The  whole  of  the  potassium  chromate  goes  into  solution. 

Potassium  chromate  is  pale-yellow  in  color,  gives  anhydrous, 
rhombic  crystals  like  those  of  potassium  sulphate,  and  is  very  soluUe 
in  water  (61  :  100  at  10°). 

Sodium  chromate  Na3CrO4,10H2O  is  made  by  using  sodium  car- 
bonate in  the  process  just  described. 


The  Dichromatea.  —  When  a  solution  of  potassium  sulphate  is 
mixed  with  an  equivalent  amoimt  of  sulphuric  acid,  potassium  bisul- 
phate  is  obtainable  by  evaporation:  K3SO4  +  HjS04  — »  2KHSO4. 
The  dry  acid  salt,  when  heated,  loses  water  (p.  263),  giving  the 
pyrosulphate  (or  disulphate) :  2KHSO4  ^  K^SjO^  +  H,0,  but  the 
latter,  when  redissolved,  returns  to  the  condition  of  acid  sulphate. 
Now,  when  an  acid  is  added  to  a  chromate  we  should  expect  the 
chromic  acid  H2Cr04,  thus  liberated,  to  interact,  giving  an  acid 
chromate  (say,  KHCr04).  No  acid  chromates  are  known,  however, 
and  instead  of  them,  pyrochromates  or  dichromates  are  produced, 
with  elimination  of  water.  In  other  words,  the  second  of  the  above 
actions  is  not  appreciably  reversible  when  chromates  are  in  question: 

K2Cr04   +  H2SO4     ->  (H3Cr04)  +  K,S04 

K,Cr04  (-f  H,Cr04)  -^  K,CrA  +  H,0 

2K,Cr04  -f  H,S04    -^  Ka&A  +  H,0  +  K^,  (1) 
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In  terpms  of  the  ionic  hypothesis,  S^O,^^  is  unstable  in  water,  and 
interacts  with  it,  giving  hydrogen-ion  and  sulphate-ion,  while  CtjO/^ 
is  stable  in  water  and  is  formed  from  the  interaction  of  hydrogen-ion 
and  chromate-ion: 

8,0/'   +  H,0  fc?  2H-  +  2S0/', 

Cr,0/'  +  H,0  ±=F  2H-  +  2CrO/'.  (2) 

The  dichromates  of  potassium  and  sodium  are  made  by  adding 
^  sulphuric  acid  to  the  crude  solution  of  the  chromate  obtained  from 
chromite  (p.  476).  They  crystallize  when  the  liquid  cools,  and  the 
mother-liquor,  containing  the  potassium  sulphate  and  undeposited 
dichromate,  is  used  for  extracting  a  fresh  portion  of  cinder.  As  the 
dichromates  are  much  less  soluble  thanthechromates,  they  crystallize 
from  less  concentrated  solutions,  and  can  therefore  be  obtained  in 
purer  condition.  For  this  reason  the  extract  is  always  treated  for 
dichromate. 

Potasiiiim  dichromate  KJCrjO^  (or  K2Gr04,GrO,)  crystallizes  in 
asymmetric  tables  of  orange-red  color.  Its  solubility  in  water  is 
8  :  100  at  10^  and  12.5  :  100  at  20P.  Sodium  diehromata  Hsifirfij, 
211,0  forms  red  crystals  also,  and  its  solubility  is  109  :  100  at  15^. 
This  salt  is  now  cheaper  than  potassium  dichromate,  and  has  largely 
displaced  the  latter  for  commercial  purposes. 

ChetniciU  I^raperUes  of  the  J>ichrofiuUes,  —  1.  When  con- 
centrated sulphuric  acid  is  added  to  a  strong  solution  of  a  dichromate 
(or  chromate),  chromic  anhydride  CrO,  separates  in  red  needles: 

NajCrA  -f  H^SO^  -^  Na^SO^  +  H,0  +  2Cr03. 

2.  Although  a  dichromate  lacks  the  hydrogen,  it  is  essentially  of 
the  nature  of  an  acid  salt,  just  as  SbOCl  lacks  hydroxyl,  but  is  essen- 
tially a  basic  salt.  Hence,  when  potassium  hydroxide  is  added  to  a 
solution  of  potassium  dichromate,  potassium  chromate  is  formed: 

.    K,CrA  +  2K0H  -►  2K,CrO,  -f  H,0. 

The  solution  changes  from  red  to  yellow,  and  the  chromate  is  obtained 
by  evaporation.    In  this  way  the  pure  alkali  chromates  are  made. 

3.  By  addition  of  potassium  dichromate  to  a  solution  of  a  salt  of  a 
metal  whose  chromate  is  insoluble,  the  chromate  and  not  the  dichro- 
mate is  precipitated.    This  is  in  consequence  of  the  fact  that  there  is 
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h3rdroeeii-km  and  GrO/^  (equation  (2),  above)  in  the 
eohmon  of  the  diduomale: 

2Ba(X0;^,  -?-  KAA  +  H,04=fc2BaCr04i  +  2KNOi  +  2HN0^ 

Being  easentiaDv  an  add  salt,  the  diehromate  produces  a  salt  and  an 
acid,  as  any  add  salt  would  do.    For  examide: 

Ba(XO,),  +  KHSO^^^  BaSO,  4  +  KNO,  +  HNO,. 

4.  The  dichromates  ol  potassium  and  sodium  melt  wbea  heated 
and.  at  a  white  heat,  deeompoae,  giving  the  chromate,  chromic  oxide^ 
and  free  oxygm.  To  make  the  equation,  we  note  that  the  diehro- 
mate, for  examine  KjCr^O,,  consists  of  KsCrO^  +  CrO^  and  the 
latter,  if  alone,  will  decompose  thus:  2CrO,  — ^  Crfi^  +  30.  Snoe 
the  product  must  contain  a  multi|de  of  O,,  the  equation  is: 

iKjCrjOj -^  AKjCrO^  -f  2Cr,0,  +  30^ 

5w  With  free  adds  the  dichromates  pve  powerful  oxidiaing  miz- 
tures^  in  consequence  of  thdr  tendency  to  form  chromic  salts.  Since 
the  latter  correspond  to  the  oxide  Cr^O,  and  the  former  to  CrOg,  the 
pa^fesage  from  the  former  to  the  latter  must  furnish  30  for  eveiy 
•Jl^O,  transfoniie^l.  In  dilute  solutions,  unless  a  body  cai>able  of 
Ivir.g  oxiviizevl  is  present,  no  actual  decomposition,  beyond  the  libera- 
tion of  ohroniic  aoid  *  occurs,  WTien  concentrated  hydrochloric 
acid  is  u:s«vi.  this  acid  itcself  suffers  oxidation: 

K.CrAX  -r    SHCl  -^  2Ka  -f  2Ci€l3  +  4H,0  (+  30) 

v3'0>        •*-    6Hn -^  3BU0 -f  3C% 

K.Or.Oj  ^  14HC1  --  2KC1  +  2CrCl,  +  7H,0  +  3C1, 

When  sulphuric  acid  is  employed,  an  oxidizable  substance  such  as 
hydrogen  sulphide  (i/.  p.  253),  sulphurous  acid,  or  alcohol  must  be 
present,  if  the  diehromate  is  to  be  reduced: 

KjCrA  -^     4H,S04  ->  K^SO^  +  OjCSO^),  -f  4H,0(-f  30)    (1) 
^30)  -f     3HjS0,  ->  3HjS0,  (2) 

or        ^30^  -i-  3C,HjOH  -*  3CJH4O  f  +  3HjO  (20 

[alcohol]  [aldehyde] 

In  each  case  the  usual  summation  of  (1)  and  (2),  with  omismon  of  the 
30  gives  the  equation  for  the  whole  action.    When  (1)  is  dissected, 

*  Not  shown  as  a  distinct  stage  in  the  subsequent  equations. 
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K,0,2CrO,  giving  Cr,0g,3S0a  +  30  is  found  to  be  its  essential 
content.  In  practice,  this  sort  of  action  is  used  for  the  purpose  of 
making  chromic  salts,  and  for  its  oxidizing  effects,  as  in  the  prepara- 
tion of  aldehyde  and  in  the  dichromate  battery. 

6.  When  paper  is  coated  with  gelatine  containing  a  soluble 
chromate  or  dichromate,  and,  after  being  dried,  is  exposed  to  light, 
chromic  oxide  is  formed  by  reduction,  and  combines  with  the  gela- 
tine. This  product  will  not  swell  up  or  dissolve  in  tepid  water,  as 
does  piure  gelatine.  This  action  is  used  in  many  ways  for  purposes 
of  artistic  reproduction.  Thus,  if  the  gelatine  mixture  is  made  up 
with  lampblack,  and,  after  the  coating  has  dried^  is  covered  with  a 
negative  and  exposed  to  light,  the  parts  which  were  protected  from 
illumination  may  afterwards  be  washed  away,  while  the  carbon  print 
remains.  The  gelatine  layer  can  be  transferred  to  wood  or  copper 
before  washing.  When  materials  of  different  colors  are  substituted 
for  the  lampblack,  prints  of  any  desired  tint  may  be  made  by  the 
same  process. 

Insoluble  ChramateB.  —  A  number  of  chromates,  formed  by  pre- 
cipitation with  a  solution  of  a  soluble  chromate  or  dichromate,  are 
familiar.  Thus,  load  chromato  PbCr04  is  used  as  a  yellow  pigment. 
By  treatment  with  lime-water  it  gives  a  basic  salt  of  brilliant  orange 
color, — chromo-rod  Pb20Cr04.  Salts  of  calcium  give  a  yellow, 
hydrated  cakium  chromato  CaCrO^,  2HO2  analogous  to  gypsum,  and, 
like  it,  perceptibly  soluble  in  water  (0.4  :  100  at  14®).  Barium  chro- 
mato BaCrO^  is  also  yellow.  Being  a  salt  of  a  feeble  acid,  it  interacts 
with  active  acids,  and  passes  into  solution.  Like  calcium  oxalate 
(c/.  p.  397),  it  is  not  soluble  enough  to  be  attacked  by  acetic  acid. 
Strontium  chromato  SrCrOf,  however,  is  soluble  in  acetic  acid.  Silvor 
chromato  Ag3Cr04  is  red,  and  interacts  easily  with  acids.  It  will  be 
observed  that  there  is  a  close  correspondence  between  the  relative 
solubilities  (see  Table)  of  the  chromates  and  the  sulphates. 

Chromic  Anhydride  CrO^  —  This  oxide  is  made  as  described 
above  (par.  1,  p.  477),  and  is  often  called  chromic  acid.  It  is  soluble 
in  water,  and  combines  with  the  latter  to  some  extent,  giving  di- 
chromic acid  Hj.CrjOy.  In  a  solution  acidified  with  an  active  acid  it 
is  much  used  as  an  oxidizing  agent  for  organic  substances.  It  inter- 
acts with  acids  in  the  same  way  as  do  the  dichromates,  giving  chromic 
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salts  and  furnishing  oxygen  to  the  oxidizable  body.  When  heated  hf 
itself,  it  loses  oxygen  readily,  and  3delds  the  green  chromic  oxide: 
4Cr03  -♦  20,0,  +  30,. 

CHROBaC   AND  ChBOMOUS  CoifPOUNDB. 

Chromic  Chiaride.  —  A  hydrated  chloride  Cid,,  6^0  is  ob- 
tained by  treating  the  hydroxide  Cr(0H)3  with  hydrochloric  add 
and  evaporating.  When  heated,  this  hydrate  is  hydrolyxed,  and 
chromic  oxide  remains.  The  anhydrous  chloride  is  formed  by  subli- 
mation, as  a  mass  of  brilliant,  reddish-violet  scales,  when  chlorine  is 
led  over  a  heated  mixture  of  chromic  oxide  and  carbon  (</.  p.  344): 

OjO,  +  3C  +  3Clj  -^  2Cra,  -f  3C0. 

In  this  form  the  substance  dissolves  with  extreme  slowness,  ev^i  in 
boiling  water,  but  in  presence  of  a  trace  of  chromous  chloride  or 
stannous  chloride  it  is  easily  soluble.  The  solution  is  green,  as  are 
all  solutions  of  chromic  salts  after  they  have  been  boiled,  but  on 
standing  in  the  cold,  bluish  crystals  of  CrCl,,  SH^O  are  deposited. 
These  give  a  bluish  solution  containing  Or***  +  3  Cl^,  but  boiling  repro- 
duces the  green  color.  The  green  material  is  a  basic  salt  of  an  ex- 
ceptional nature.  It  has  lost  one  imit  of  chlorine  by  hydrolysis,  and 
one  of  the  two  others  is  not  precipitated  by  nitrate  of  silver.  The 
substance  is  supposed,  therefore,  to  contain  a  complex  cation  and  to 
have  the  formula  CrClOH.Cl. 

Chromic  Hydroxide.  —  When  ammonium  hydroxide  is  added  to 
a  solution  of  a  chromic  salt,  a  hydrated  hydroxide  of  pale-blue  color, 
Cr(OH)3,2H20,  is  thrown  down.  This  loses  water  by  stages,  giving 
intermediate  hydroxides  such  as  Cr(0H)3  and  CrOOH,  and  finally 
OjOg.  It  interacts  with  acids,  giving  chromic  salts.  It  also  dis- 
solves in  potassium  and  sodium  hydroxides  to  form  green  solutions 
of  chromitea  of  the  form  KCrOj.  When  the  solutions  of  the  alkali 
chromites  are  boiled,  the  free  chromic  hydroxide,  present  in  conse- 
quence of  hydrolysis,  is  converted  into  a  greenish,  less  completdy 
hydrated,  and  less  soluble  variety.  This  begins  to  come  out  as  a  pre- 
cipitate, and  soon  the  whole  action  is  reversed.  Insoluble  chromites, 
such  as  that  of  iron  Fe(Cr02)2,  are  found  in  nature.  Many  of  them,  like 
Zn(Cr02)a  and  Mg(Cr03)2,  may  be  formed  by  fusing  the  oxide  of  tiie 
metal  with  chromic  oxide;  the  action  being  similar  to  that  used  in 
making  zincates  (p.  433)  and  aluminates  (p.  450). 
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ChranUe  Oxide  Cr^O^  —  This  oxide  is  obtained  as  a  green, 
infusible  powder  by  heating  the  hydroxide;  or,  more  readily,  by 
heating  dry  ammonium  dichromate;  or  by  igniting  potassium 
dichromate  with  sulphur  and  washing  the  potassium  sulphate  out 
of  the  residue: 

(NH JAA  -^  N,  -f  4H,0  -f  Cr,0„ 
KjCrA  +  S  -♦  I^SO^  -f  CrjOg. 

Chromic  oxide  is  not  affected  by  acids,  but  may  be  converted  into 
the  sulphate  by  fusion  with  potassimn  bisulphate.  It  is  used  for 
making  green  paint,  and  for  giving  a  green  tint  to  glass.  When  the 
oxide,  or  any  of  the  chromic  salts,  is  fused  with  a  basic  substance  such 
as  an  alkali  carbonate,  it  passes  into  the  form  of  a  chromate,  absorb- 
ing the  necessary  oxygen  from  the  air.  If  an  alkali  nitrate  or 
chlorate  is  added,  the  oxidation  goes  on  more  quickly.  The  alkaline 
solution  of  the  chromites  may  be  oxidized,  for  example  by  chlorine 
or  bromine,  and  chromates  are  formed. 

Ohramie  Sulphate  Cr^{80^^,  15H^O. — This  salt  crystallizes  in 
reddish-violet  crystals,  and  may  be  made  by  treating  the  hydroxide 
with  sulphuric  acid.  It  gives  reddish-violet,  octahedral  crystals  of 
chrome-alum  (c/.  p.  447),  K^^,  OsCSOJ,,  TASLfi,  when  mixed  with 
potassium  sulphate.  This  double  salt  is  most  easily  obtained  by 
reducing  potassiimi  dichromate  in  dilute  sulphuric  acid  by  means  of 
sulphurous  acid  (p.  478),  and  allowing  the  solution  to  crystallize. 
The  solution  of  the  cr3rstals,  either  of  the  pure  sulphate  or  of  the  alum, 
is  bluish-violet  (Cr***),  but  when  boiled  becomes  green.  The  green 
compound  is  formed  by  hydrolysis  and  is  gummy  and  imcrystal- 
lizable.  It  even  yields  products  which  do  not  show  the  presence 
either  of  the  Cr***  or  the  SO/'  ion.    It  seems  to  be  formed  thus: 

2Crj(S0^8  +  HjO^iiCr^O (80^4.804  -f  H^,. 

The  green  materials  revert  slowly  to  the  violet  ones  by  reversal  of 
the  above  action  when  the  solution  remains  in  the  cold,  and  so 
crystals  of  the  sulphate  or  of  the  alum  are  obtainable  from  the  green 
solutions. 

Chnnnoue  Compounds.  —  By  the  interaction  of  chromium  with 
hydrochloric  acid,  or  by  reducing  chromic  chloride  in  a  stream  of 
hydrogen,  chromom  chloride  CrCl,  is  formed.    The  anhydrous  salt  is 
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colorless,  and  its  solution  is  blue  (Or").  like  stannous  chloride,  it 
is  very  easily  oxidized  by  the  air,  a  solution  of  it  containing  excess  of 
hydrochloric  acid  being  used  in  the  laboratory  to  absorb  oxygen: 

4CrClj  -f  4Ha  +  Oj  -^  4CrCla  +  2^0. 

Ohromom  hydroxide  Cr(0H)3  is  obtained  as  a  yellow  precipitate 
when  alkalies  are  added  to  the  chloride.  With  sulphuric  acid  it 
gives  chromouB  8a4>hate  CrS04,  TH^O,  which  is  one  of  the  vitriols 
(p.  433). 

AnalyHc€U  BeacHons    of    ChranUufn     Compaundm^  —  Tbe 

chromic  salts  give  the  bluish-violet  chromic-ion  Cr***,  or  the  green 
complex  cations,  and  may  be  recognized  in  solution  by  their  color. 
The  chromates  and  dichromates  give  the  ions  CrO/'  and  0,0,", 
which  are  yellow  and  red  respectively.  From  chromic  salts,  alkalies 
and  ammonium  sulphide  precipitate  the  bluish-green  hydroxide,  and 
carbonates  give  a  basic  carbonate  which  is  almost  completely 
hydrolyzed  to  hydroxide.  By  fusion  with  sodium  carbonate  and 
sodium  nitrate,  they  yield  a  yellow  bead  containing  the  chromate. 
The  chromates  and  dichromates  are  recognized  by  the  insoluble 
chromates  which  they  precipitate,  and  by  their  oxidizing  power 
when  mixed  with  acids.  All  compoimds  of  chromium  give  a 
green  borax  bead  containing  chromic  borate,  and  this  bead 
differs  from  that  given  by  compounds  of  copper  (c/.  p.  417),  both  in 
color  and  in  being  unreducible. 

Molybdenum,  Tungsten,  Uranium. 

Molybdenum.  —  This  element  is  found  chiefly  in  wulfenite 
PbMo04  and  molybdenite  MoSj.  The  latter  resembles  black  lead 
(graphite),  and  its  appearance  suggested  the  name  of  the  element 
(Gk.  fioXvpSatuMj  lead).  The  molybdenite  is  converted  by  roasting 
into  molybdic  anhydride  MoO,.  When  this  is  treated  with  ammonium 
hydroxide,  or  with  sodium  hydroxide,  ammonium  molybdate  (NHJ, 
M0O4,  or  sodium  molybdate  Na2Mo04,  lOHjO  is  obtained.  The  metal 
itself  is  liberated  by  reducing  the  oxide  or  chloride  with  hydrogen. 
When  pure  it  resembles  wrought  iron  and,  like  iron  (q.v.),  takes  up 
carbon  and  shows  the  phenomena  of  tempering.  The  oxides  [MoO  ?], 
M02O,,  M0O2,  and  M0O3  are  known,  but  the  lower  oxides  are  not 
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basic.  The  cUoridoB  MojCl,,  MoCl,,  MoCl,,  and  MoClj  have  been 
made.  The  chief  use  of  molybdenum  compounds  in  the  laboratory 
is  in  testing  tor  and  estimating  phosphoric  acid.  When  a  little  of  a 
phosphate  is  added  to  a  solution  of  ammonium  molybdate  in  nitric 
acid,  and  the  mixture  is  warmed,  a  rapious  yellow  precipitate  of  a 
phoBphomolrbdate  of  ammoniuiii  (NH,),PO,.l]MoO,,6H30  is  formed. 
The  compound  is  soluble  in  excess  of  phosphoric  acid  and  in  alkalies, 
but  not  in  dilute  mineral  acids. 

Tungsten.  —  The  minerals  scheeIiteCaWO,and  wolfram  FeWO, 
are  lungstates  of  calcium  and  iron  respectively.  By  fusion  of 
wolfram  with  sodium  carbonate  and  extraction  with  water,  sodium 
tuii£Bt>t«  Na]WOi,2HjO  is  secured.  It  ia  used  as  a  mordant  and  for 
rendering  muslin  fire-proof.  Acids  precipitate  tungsUc  add  H,WO„ 
HjO  from  solutions  of  this  salt.  The  element  gives  the  oxides  WO, 
and  WOj,  the  latter  being  formed  by  ignition  of  tungstic  acid.  The 
chlorides  WClj,  WC1„  WClj,  and  WClg  are  known,  the  last  being 
formed  directly,  and  the  others  by  reduction.  A  hard  variety  of 
steel  contains  5  per  cent  of  tungsten. 


Uranium. —  This  element  is  found  chieBy  in  pitchblende,  which 
contains  the  oxide  11,0^  along  with  smaller  amounts  of  many  other 
elements.  By  roasting  the  ore  with  carbonate  and  nitrate  of  sodium, 
and  extracting  with  water,  an  impure  solution  of  sodium  nruiate 
NaUO,  is  obtained.  Acids  precipitate  the  insoluble,  yellow  dlorsnattt 
Na,U,0„  6R,0.  This  salt  is  used  in  making  uranium  grlass,  which 
shows  a  yellowish-green  fluorescence.  The  property  is  due  to  the 
fact  that  the  wave-length  of  part  of  the  invisible,  ultra-violet  rays  of 
the  sunlight  are  shortened,  and  a  greenish  light  ia  therefore  in  excess. 
The  oxides  are  UO,  a  basic  oxide,  UjOj,  UjO,  the  most  stable  oxide, 
UO,  uranic  anhydride,  and  UO,  a  peroxide. 

When  the  oxide  UOj  ia  treated  with  acids,  it  gives  uranous  salts 
such  as  nranous  sulphate  U(SO,).,  4H,0.  Uranic  anhydride  and 
uranic  acid  interact  with  acids,  giving  basic  salts,  such  as  UOjSO,, 
3JH,0,  and  UO,(NO,)„  6IL0,  which  are  named  oranyl  sulphate, 
uraDjrl  nitrate,  and  so  forth.  They  are  yellow  in  color,  with  green 
fluorescence.  Ammonium  sulphide  throws  down  the  brown,  unstable 
oranyl  lolphlde  UO,S  from  their  solutions. 
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Radium. 

The  Discovery  of  the  Element.  *  —  It  was  Becquerel  wlio 
first  noticed  (1896)  that  all  compounds  of  uramum  give  out  a  radia- 
tion capable  of  slowly  affecting  a  photographic  plate  covered  with 
black,  light-proof  paper.  These  rays  have  a  second,  equally  remark- 
able property.  A  well-insnlated,  electrically  charged  body,  such  as 
an  electroscope,  will  retain  its  charge  for  a  long  time.  Yet  a  few 
tenths  of  a  gram  of  any  uranium  compound,  brought  within  3  or  4 
cm.  of  the  charged  body,  render  the  air  a  conductor,  and  the  charge 
is  quickly  lost.  The  air  is  said  to  be  "  ionized."  For  the  quantita- 
tive measurement  of  radio-activity,  or  the  rate  of  production  of 
Becquerel  rays,  we  simply  have  to  compare  the  times  required  for 
the  discharge  of  an  electroscope  by  different  specimens  of  radio- 
active matter. 

The  radio-activity  of  every  pure  uranium  compound  is  propor- 
tional to  its  uranium  content.  The  ores  are,  however,  relatively  four 
times  as  active.  This  fact  led  M.  and  Mme.  Curie  to  the  discovery 
that  the  pitchblende  residues,  from  which  practically  all  of  the 
uranium  had  been  extracted,  were  nevertheless  quite  active.  About 
a  ton  of  the  very  complex  residues  having  been  separated  laboriously 
into  the  constituents,  it  was  found  that  a  large  part  of  the  radio- 
activity remained  with  the  chloride  of  barium.  From  this  barium 
chloride,  a  product  free  from  barium,  and  three  million  times  as 
active  as  uramum,  was  finally  secured.  The  nature  of  the  spectrum 
and  the  chemical  relations  of  the  element,  now  named  radium,  placed 
it  with  the  metals  of  the  alkaline  earths.  The  ratio  by  weight  of 
chlorine  to  radium  in  the  compound  is  35.45  :  113.25,  so  that,  on  the 
assumption  that  the  element  is  bivalent,  its  atomic  weight  is  326.5. 
With  this  value  it  occupies  a  place  formerly  vacant  in  the  periodic 
table. 

Properties  of  Radium  Compounds.  —  Radium  has  not  been 
isolated,  and  the  chloride  RaCl,  and  bromide  RaBr,  are  usually 
employed.  The  extraordinary  photo-activity  and  ionizing  power 
of  the  compounds  have  been  mentioned  above.  The  most  remark- 
able property  of  the  salts,  however,  is  their  constant  evolution  of 
heat  in  relatively  enormous  quantities.    One  gram  of  the  element, 

*  I  am  indebted  to  my  colleague  Professor  H.  N.  McOoy  for  the  material  ci 
which  the  following  is  a  slightly  condensed  version. 
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in  combination,  evolves  over  100  cal.  per  hour,  and  it  is  estimated 
that  the  total  amount  of  heat  spontaneously  produced  by  1  g.  would 
be  nearly  10^®  cal.  To  produce  the  same  amount  of  heat  by  combus- 
tion, no  less  than  300  kg.  of  hydrogen  would  have  to  be  burned.  The 
heating  e£fect  is  explained  by  the  hypothesis  that  the  rays  emitted 
by  the  radimn  consist  of  minute  particles  whose  impacts  produce 
the  heat.  To  explain  all  the  properties  we  are  compelled  to  suppose 
that  there  are  two  kinds  of  these  particles,  electrons,  or  corpuscles, 
namely  those  which  produce  the  ionization  (a-particles)  and  those 
which  produce  the  photographic  effects  09-particles).  The  former 
bear  positive  charges  and  have  twice  the  mass  of  a  hydrogen  atom. 
The  latter  bear  negative  charges  and  have  only  about  1 /1000th  of 
the  mass  of  a  hydrogen  atom. 

The  Decay  of  an  Element.  —  The  radium  in  disintegrating 
and  giving  off  these  particles,  produces  a  new  radio-active,  gaseous 
body,  the  radium  emanation.  This  is  not  permanent,  and  loses  half 
its  activity  in  about  four  days.  In  doing  so  it  produces  a  series  of 
new  radio-active  substances.  The  members  of  the  series  with  their 
times  of  decay  to  half  value,  are  as  follows  (Rutherford) : 

U      -^        U-X-*  Ionium    -♦     Ra      -*       Em    -*    A     -^ 
5xl0*yr8.  22  days  ?  2000  yrs.      3.8  days     3  min. 

B-*C->D->E->F-^        G 
26  min.        19  min.       40  yrs.     6  days     45  days        140  days 

Radium  thus  loses  its  activity.  To  account  for  its  presence  in  the 
ore,  we  must,  therefore,  suppose  that  it  is  being  continuously  pro- 
duced from  some  source.  This  source  must  be  uranium,  for  every 
known  uranium  ore  contains  radium  (McCoy)  and  radium  emanation 
(Boltwood)  in  amounts  proportional  to  the  uranium  content.  Fur- 
thermore, the  radium  emanation  is  slowly  re-formed  in  a  uranium 
compound  previously  freed  from  radium  (Soddy). 

It  has  been  found  (Ramsay  and  Soddy)  that  helium  (p.  290)  is 
one  of  the  decomposition  products  of  the  radium  emanation,  and, 
more  recently,  that  cupric  nitrate  solution,  when  inclosed  with  some 
of  the  radium  emanation,  acquires  a  small  proportion  of  lithium 
nitrate  (Ramsay  and  Cameron).  The  fact  that  sil  uranium-radium 
minerals  which  contain  copper,  contain  also  lithium  (McCoy),  con- 
firms this  observation  of  the  degradation  of  copper  to  that  member 
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of  the  same  family  poBsessing  the  lowest  atomic  wei^t.  Tlie  phe 
nomena  of  radio-active  substances  lead  undeniably  to  the  startling 
conclusion  that  some,  if  not  all,  qfthe  demenis  are  capable  qf  sport- 
ianeous  decomposition. 

Exercises.  —  1.  Construct  equations,  showing  the  interactions  of : 

(a)  chromic  oxide  and  aluminium,  (b)  strontium  nitrate  and  potas- 
sium dichromate  in  solution,  (c)  potassium  hydroxide  and  chromic 
hydroxide,  and  the  reversal  on  boiling,  (d)  chlorine  and  potassium 
chromite  in  excess  of  alkali  (what  is  the  actual  oxidizing  agent?). 

2.  What  volimie  of  oxygen  at  0^  and  760  mm.,  (a)  is  obtainable 
from  one  formula-wei^t  of  potassium  dichromate  (par.  4,  p.  478), 

(b)  is  required  to  oxidize  one  formularwdght  of  chromous  chloride? 

3.  To  what  classes  of  actions  should  you  assign  the  three  methods 
of  making  chromic  oxide  (p.  481)? 


CHAPTER  XLH 

BCANOAHKU 

The  Chemical  RelaUons  of  the  Element.  —  Manganese 
stands,  at  present,  alone  on  the  left  side  of  the  eighth  column  of  the 
periodic  table.  The  right  side  is  occupied  by  the  halogens.  It  is 
never  univalent,  as  the  halogens  are,  but  its  heptoxide  MnjO,  and 
the  corresponding  acid,  permanganic  acid  HMnO^,  are  in  many  ways 
closely  related  to  the  heptoxide  of  chlorine  and  perchloric  acid  HCIO4. 
Of  the  lower  oxides  of  manganese,  MnO  is  basic,  and  Mn^O,  feebly 
basic.  MnOj  is  feebly  acidic,  MnO,  more  stron^y  so,  and  perman- 
ganic acid  (from  Mn^O,)  is  a  veiy  active  acid.  Contrary  to  the  habit 
of  feebly  acidic  and  feebly  basic  oxides,  such  as  those  of  zinc,  alumi- 
nium, and  tin,  the  basic  oxides  of  manganese  are  not  at  all  acidic, 
and  the  acidic  oxides  (with  the  possible  exception  of  Mn^O,)  are  not 
also  basic.  There  are  thus  the  five  following,  rather  wellndefined  sets 
of  compounds,  showing  five  different  valences  of  the  element.  Of 
these  the  first,  fourth,  and  fifth  are  the  most  stable  and  the  most 
important. 

1.  ManganopB  compoundB,  MnO,  Mn(0H)3,  MnS04,  etc.  These 
compounds  resemble  those  of  the  magnesium  family  (and  those  of 
Fe**).  The  salts  of  weak  acids,  such  as  the  carbonate  and  sulphide, 
are  easily  made,  and  there  is  Uttle  hydrolysis  of  the  halides.  The 
salts  are  pale-pink  in  color. 

2.  Manganic  compoundB,  MujO,,  Mn(OH)„  "Hin^iSO^^,  [MnQJ. 
The  salts  resemble  the  chromic  and  aluminium  salts  in  behavior,  but 
are  even  less  stable  than  those  of  quadrivalent  lead.  They  are 
completely  hydrolyzed  by  little  water.  The  salts  are  violet  in 
color. 

3.  Manganites,  MnO,,  H^MnO,,  CaMnO,.  The  alkali  manganites 
are  strongly  hydrolyzed,  like  the  plumbates  and  the  stannates. 

4.  Manganataa,  MnO,,  H^MnOf,  K^nOf.  The  salts  resemble  the 
sulphates  and  chromates,  but  are  much  more  easily  hydrolyzed. 
The  free  acid  resembles  chloric  acid  in  that  when  it  decomposes  it 
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3deld8  a  higher  acid  (HMnOJ  and  a  lower  oxide  (MnO^.  The  saiti 
are  green  in  color. 

5.  Permangaiiates,  Mnfij,  HMnOfChydrated),  KMnO^.  The  salts 
resemble  the  perchlorates,  and  are  not  hydrolyzed  by  water.  Th^ 
are  reddish-purple  in  color. 

It  will  be  seen  that  the  element  manganese  changes  its  character 
totally  with  change  in  valence,  and  in  each  form  of  cx>mbination 
resembles  some  set  of  elements  of  valence  identical  with  that  which 
it  has  itself  assumed. 

Occurrence :  the  MetdL  —  The  chief  ore  is  the  dioxide,  P3TX>- 
lusite  MnO,,  which  always  contains  compounds  of  iron.  Other  man- 
ganese minerals  are:  braimite  MujO,;  the  hydrated  form,  manganite 
MnO(OH);  hausmannite  Mn304;  and  manganese  spar  MnCO,.  The 
metal  is  most  easily  made  by  reducing  one  of  the  oxides  with  alumi- 
nium by  Goldschmidt's  method. 

The  metal  manganese  has  a  grayish  luster  faintly  tinged  with  red. 
It  rusts  in  moist  air,  and  easily  displaces  hydrogen  from  dilute  acids, 
giving  manganous  salts.  Its  alloys  with  iron,  such  as  ferro-manga- 
nese  (20-80  per  cent  manganese),  are  used  in  the  arts. 

Oxides.  —  ManganouB  oxide  MnO  is  a  green  powder,  made  by 
reducing  any  of  the  other  oxides  with  hydrogen.  Haiuinaimite  Mn,04 
is  red.  An  oxide  having  this  composition  is  formed  when  any  of  the 
other  oxides  is  heated  in  air,  oxidation  or  reduction,  as  the  case  may 
be,  taking  place  (c/.  p.  458).  Manganic  oxide  MnjO,  is  brownish- 
black,  and  is  formed  by  heating  any  of  the  oxides  in  oxygen. 

Manganese  dioxide  MnOj  is  black,  and  is  most  easily  prepared  in 
pure  condition  by  gentle  ignition  of  manganous  nitrate.  The 
hydrated  forms  of  the  oxide  are  produced  by  precipitation,  as  by 
adding  a  hypochlorite  or  h)rpobromite  to  manganous  hydroxide 
suspended  in  water.  Manganese  dioxide  is  not  a  peroxide  in  the 
restricted  sense  (c/.  p.  212).  That  is  to  say,  it  does  not  contain  the 
radical  (Oj)  and,  therefore,  does  not  give  hydrogen  peroxide.  Its 
reaction  formula  is  Mn(0)2  ^^^  Mn(0,)  and  in  double  decompositions 
it  yields  only  water  HoCO).  It  is  used  for  manufacturing  chlorine, 
although  electrolytic  processes  are  now  driving  it  out  of  this  field. 
In  glass-making  (g.r.),  it  is  employed  to  oxidize  the  green  ferrous 
silicate,  derived  from  impurities  in  the  sand,  to  the  pale-yellow  ferric 
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compound.  The  amethyst  color  of  the  manganic  silicate  which  is 
formed  tends  to  neutralize  this  yellow. 

Hanganeae  trloxlde  MnO,  is  a  red,  unstable  powder.  Hanganaaa 
boptoxide  Mn,0,  is  a  brownish -green  oil  (see  below). 

When  any  of  these  oxides  ib  heated  with  an  add,  a  manganous 
salt  is  obtained.  Salts  of  this  class  are,  in  fact,  the  only  stable  sub- 
stances in  which  manganese  is  combined  with  an  acid  radical.  In 
this  action  the  oxides  containing  more  oxygen  than  does  MnO  give 
off  oxygen,  or  oxidize  the  acid  (c/.  p.  112),  When  the  oxides  are 
heated  with  bases,  in  the  pi'esence  of  air,  manganates  are  always 
formed.  In  this  case,  with  oxides  containing  a  smaller  proportion 
of  oxygen  than  MnOj,  oxygen  is  taken  from  the  air. 

Manganmua  Compoutulg. — The  manganous  salts  are  formed  by 
the  action  of  acids  upon  the  carbonate  or  any  of  the  oxides.  Thus 
the  chloride  MnCl„4HjO  is  obtained  in  pale-pink  crystals  from  a 
solution  made  by  treating  the  dioxide  with  hydrochloric  acid  and 
driving  off  the  chlorine  hberaled  by  oxidation  (p.  1 12).  The  hydrox- 
ide Mn(OH),  is  formed  as  a  white  precipitate  when  a  soluble  base  is 
added  to  a  solution  of  a  manganous  salt.  This  body  passes  into 
solution  when  ammonium  salts  are  added,  and  cannot  be  precipitated 
in  Iheir  presence  on  account  of  the  formation  of  molecular  ammonium 
hydroxide  and  the  suppression  of  hydroxide-ion  (c/.  magnesium 
hydroxide,  p.  429).  The  hydroxide  quickly  darkens  when  exposed 
to  the  air  and  passes  over  into  hydrated  manganic  oxide  MnO(OH). 

Hancanoua  aulphata  gives  pink  crystals  of  a  hydrate.  Below  Q" 
the  s<jiution  deposits  MnS0j,7H,0.  which  is  a  vitriol  (p.  433), 
Between  7°  and  20°  the  product  is  MnS0j,6H,0,  asymmetric  and 
resembling  CuSO„5HjO,  Above  25°  nionosymmetric  prisms  of 
MnS0„4H,0  are  obtained.  These  hydrates  have  difierent  aqueous 
tendons  and  may  be  formed  from  one  another  by  lowering  or  raising 
the  pressure  of  water  vapor  around  the  substance  (p.  83), 

HanganooB  carbonate  MnCO,  Is  a  white  powder  formed  by  pre- 
cipitation. The  snlphlde  MnS  is  obtained  as  a  green  powder  by 
leading  hydrogen  sulphide  over  any  of  the  oxides.  A  Hesh-eolored, 
hydrated  manganoua  aulphida  MnS,  H,0  or  MnSH(OH)  is  more 
familiar  and  is  precipitated  by  ammonium  sulphide  from  manganoua 
salts.  It  interacts  with  mineral  acids  and  even  with  acetic  acid,  so 
that  it  cannot  be  precipitated  by  hydrogen  sulphide  (<:/.  p.  254). 
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The  manganous  salts  of  weak  acids,  such  as  the  carbonate  and 
solitude,  darken  when  exposed  to  air  and  are  oxidised,  with  forma- 
tion of  hydrated  manganic  oxide.  As  we  have  seen,  manganous 
hydroxide  is  similarly  oxidiied  and  these  salts  are  i»^ecisely  the  ones 
which  should  furnish  the  hydroxide  by  hydrolysis.  While  thae  is 
a  general  resemblance betweai  themanganous  salts  and  the  stannous, 
diromous,  and  ferrous  salts,  the  manganous  salts  of  active  acids  are 
not  03ddixed  by  the  air  as  are  the  corresponding  salts  of  the  other 
three  metab. 

Mmmtt^mie  Compamnds.  —  The  base  of  this  set  of  compounds, 
manganw;  hydroxide  Mn(OH)„  is  slowly  deposited  by  the  action  of 
the  air  on  an  anunoniacal  solution  of  a  manganous  salt  in  salts  of 
ammonium.  Manganfe  chkride  MnCl,  is  present  in  the  liquid  ob- 
tained by  the  action  of  hydrochloric  acid  upon  manganese  dioxide 
(</.  p.  Ill),  but  loses  chlorine  very  readily. 

Mamgamites. —  Althou^  manganese  dioxide  interacts  when  fused 
with  potassium  hydroxide,  simple  salts  derived  from  H^nO,(  »  Hfi, 
MnOj)  or  H<Mn6^(=  2H503InOj)  are  not  formed.  The  products 
are  complex,  as  KjMnjOjj.  Some  less  complex  manganites  are 
formed  in  the  Weldon  process  for  utilizing  the  manganous  chloride 
obtained  in  manufacturing  chlorine.  The  liquor  is  mixed  with 
slaked  lime,  and  air  is  blown  through  the  mass  of  calcium  and 
manganous  hydroxides  which  is  thus  obtained.  Black  manganites 
of  calcium,  such  as  CaMnOs(=  CaO,MnOj)  and  CaMn^OsCCaO, 
2MnO.)  are  thus  formed: 

CavOm,  -^  2Mn(0H),  +  0,->CaMnj05  -f  3H,0, 

and  when  aftenvaixls  treated  with  hydrochloric  acid  they  behave 
like  mixtures  of  manganese  dioxide  and  calciimi  oxide. 

MaMifauates. —  WTien  one  of  the  oxides  of  manganese  is  fused 
with  p<.>tassium  carbonate  and  potassium  nitrate  a  green  mass  is 
obtaincil.  The  green  aqueous  extract  deposits  potassium  manganate 
K^MnOi  in  rhombic  cn'stals,  which  are  of  the  same  form  as  those  of 
jx>tassium  sulphate,  and  are  almost  black: 

K3CO,  -f  MnO,  -f  O  ->  KjMnO^  -f  CO,. 
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The  acid  H2Mn04  is  itself  unknown.  The  potassium  salt  remains 
unchanged  in  solution  only  in  presence  of  free  alkali.  When  the 
concentration  of  the  hydroxide-ion  is  reduced  by  dilution,  or,  better 
still,  when  a  weak  acid  such  as  carbonic  acid  or  acetic  acid  is  used  to 
neutralize  it,  the  salt  is  decomposed  according  to  the  following 
equation: 

SKjMnO^  +  2H,0  -►  4K0H  +  2KMn04  +  MnO,. 

That  is,  a  precipitate  of  manganese  dioxide,  and  a  solution  of 
potassium  permanganate  are  obtained.  In  terms  of  the  ions  the 
equation  is  simpler: 

3MnO/'  +  2H*  -►  20H'  +  2MnO/  -h  MnO,. 

I^ermangafMies,  —  Potassium  permanganate  KMnOi  is  made  by 
decomposition  of  the  manganate  as  shown  above,  and  is  obtained,  in 
purple  crystals  with  a  greenish  luster,  by  evaporation  of  the  solution. 
To  avoid  the  loss  of  manganese  thrown  down  as  dioxide,  the  action 
is  carried  out  commercially  by  passing  ozone  through  the  solution  of 
the  manganate:  2KjMn04  +  O,  +  HjO  ->  2KMn04  +  0,  +  2K0H. 
Sodium  permanganate  NaMn04  is  made  in  a  similar  manner.  It  is  not 
obtainable  in  solid  form,  but  its  solution  is  known  as  "  Condy's  dis- 
infecting fluid."  This  liquid  owes  its  properties  to  the  oxidizing 
power  of  the  salt.  Permanganic  acid  is  a  very  active  acid,  that  is, 
it  is  highly  ionized  in  aqueous  solution.  A  solid  hydrate  of  the  acid 
may  be  secured  in  reddish-brown  crystals  by  adding  sulphuric  acid 
to  a  solution  of  barium  permanganate  and  allowing  the  filtrate  to 
evaporate: 

Ba(Mn04)j  -h  HjSO^  +  xHfi  <=*  BaS04 1  +  2HMn04,xH,0. 

This  hydrate  decomposes,  on  being  warmed  to  32^,  and  yields  oxygen 
and  manganese  dioxide.  When  a  very  little  dry,  powdered  potas- 
sium permanganate  is  moistened  with  concentrated  sulphuric  acid, 
brownish-green,  oily  drops  of  permanganic  anhydride  (manganese  hept- 
oxide)  MujOy  are  formed.  This  compound  is  volatile,  giving  a  violet 
vapor,  and  is  apt  to  decompose  explosively  into  oxygen  and  manga- 
nese dioxide.  Its  oxidizing  power  is  such  that  combustibles 
like  paper,  ether,  and  illuminating-gas  are  set  on  fire  by  contact 
with  it. 
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JPotaaHutn  JPermanganate  as  an  OoMbUHng  AgmUm  —  The 

actions  are  different  according  as  the  substance  is  employed  (1)  in 
acid,  or  (2)  in  neutral  solution. 

1.  In  presence  of  an  acid,  and  an  oxidizable  body,  a  manganous 
salt  isalways  formed.  The  schematic  equation,  Mn^O,  — ^  2MnO + 50, 
shows  that  every  two  molecules  of  the  permanganate  yield  50  for 
oxidizing  purposes.  Thus,  when  sulphuric  acid  is  added  to  potas- 
sium permanganate  solution,  and  sulphur  dioxide  is  led  throu^  the 
mixture,  we  have : 

2KMn04  +  SHjSO^  ->  K^^  +  2MnS04  +  3H,O(+50)  (1) 

(50)  +  5B^0,  ~»  5H^04 ^ 

2KMn04+3HaS04+5I^,-^K^4  +  2MnS04  -f  3H,0  +5Hj^4 

In  this  case,  since  sulphuric  acid  is  a  product,  the  preliminary  addi- 
tion of  the  acid  was  superfluous.  In  other  cases,  the  partial  equaticm 
(1),  showing  the  available  50,  remains  the  same,  while  the  other  par- 
tial equation  varies  with  the  substance  being  oxidized.  Thus,  with 
hydrogen  sulphide  as  reducing  agent,  we  have: 

(O)  +  H,S->H,0  4-  S     X  6  (20 

and  with  ferrous  sulphate,  we  get  ferric  sulphate: 

2FeS0,  4-  H2S0,(4-  O)  ->  Fe^CSO,),  +  Hp      x  6         (2^0 

As  before  (2')  and  (2'0  must  be  multiplied  throughout  by  five,  before 
summation  is  made. 

2.  When  dry  potassium  permanganate  is  heated,  it  decomposes 

as  follows:  2KMn0,  -►  K^MnO,  -f  MnO^  -f  O^. 

The  neutral  solution  oxidizes  substances  which  are  reducing  agents. 
The  fingers  are  stained  brown  by  an  aqueous  solution,  receiving  a 
deposit  of  manganese  dioxide,  in  consequence  of  the  reducing  power 
of  the  unstable  organic  substances  in  the  skin.  The  destruction  of 
minute  organisms  by  Condy's  fluid  results  from  a  similar  action. 
When  the  powdered  salt  is  moistened  with  glycerine,  the  mass 
presently  bursts  into  flame. 

Analytical  Reactions  of  Manganese  Compounds  —  The  ions 
commonly  encountered  are  manganous-ion  Mn",  which  is  very  paie- 
pink  in  color,  permanganate-ion  MnO/,  which  is  purple,  and  man- 
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ganate-ion  MnO/^,  which  is  green.  The  manganous  compounds 
give  with  ammonium  sulphide  the  flesh-colored,  hydrated  sulphide 
which  is  soluble  in  acids.  Bases  give  the  white  hydroxide,  which 
darkens  by  oxidation,  and  is  soluble  in  salts  of  ammonium.  All 
compounds  of  manganese  confer  upon  the  borax  bead  an  amethyst 
color  which,  in  the  reducing  flame,  disappears.  A  bead  of  sodium 
carbonate  and  niter  becomes  green  on  account  of  the  formation  of 
the  manganate. 

JExercisea.  —  1.  What  do  we  mean  by  saying  that,  (a)  chromous 
chloride  is  stable  (p.  81),  but  easily  oxidized  by  the  air,  (6)  perman- 
ganic acid  is  an  active  oxidizing  agent  in  presence  of  an  acid  (p.  194). 

2.  Formulate  the  oxidations  of  hydrogen  sulphide,  of  ferrous 
sulphate,  of  oxalic  acid  (to  carbon  dioxide),  and  of  nitrous  acid  (to 
nitric  acid)  by  potassium  permanganate  in  acid  solution. 


CHAPTER  XTiTTT 
ntON,  COBALT,  nossL 

The  elements  iron  (Fe,  at.  wt.  55.9) ,  cobalt  (Co,  at.  wt.  59),  and 
nickel  (Ni,  at.  wt.  58.7)  are  not  corresponding  members  of  sucoeasiTe 
periods,  like  the  families  hitherto  considered.  They  are  neighboring 
members  of  the  first  long  period,  lying  between  its  first  and  second 
octaves. 

Ikon  Fe. 

ChemicijU  MeUMana  of  the  Element*  —  The  oxides  and 
hydroxides  FeO  and  Fe(OH)„  Fe,0,  and  Fe(OH),  are  basic,  the 
former  more  strongly  so  than  the  latter.  The  ferrous  salts,  derived 
from  FeCOH),,  resemble  those  of  the  magnesium  group  and  those  oi 
Cr**  and  Mn**,  and  are  little  hydrolyzed.  The  ferric  salts,  derived 
from  Fe(0H)3,  resemble  those  of  Cr"*  and  Al*"  and  are  hydrolywd 
to  a  considerable  extent.  Iron  gives  also  a  few  ferrates  K^FeOi, 
CaFe04,  etc.,  derived  from  an  acid  H2Fe04  which,  like  manganic 
acid  H2Mn04  (p.  491),  is  too  unstable  to  be  isolated.  Complex 
anions  containing  this  element,  such  as  the  anion  of  K^.FeCCN),,  are 
familiar,  but  complex  cations  containing  ammonia  are  imknown. 

Occurrence.  —  Free  iron  is  foimd  in  minute  particles  in  some 
basalts,  and  many  meteorites  are  composed  of  it.  Meteoric  iron 
can  be  distinguished  from  specimens  of  terrestrial  origin  by  the  fact 
that  it  contains  3-8  per  cent  of  nickel.  The  chief  ores  of  iron  are  the 
oxides,  haematite  FcjOj  and  magnetite  FcjO^,  and  the  carbonate 
FeCOj,  siderite.  The  first  is  reddish  and  radiated  in  structure;  but 
black,  shining,  rhombohedral  crystals,  known  as  specularite,  are  also 
found.  Hydrated  forms,  like  brown  iron  ore  2Fe203, 3HjO,  are  also 
common.  Siderite  is  pale-brown  in  color  and  rhombohedral,  like 
calcite.  When  mixed  with  clay  it  forms  iron-stone.  Pyrite  FeS, 
consists  of  golden-yellow,  shining  cubes  or  pentagonal  dodecahedra. 
It  is  used,  on  account  of  its  sulphur,  in  the  manufacture  of  sulphuric 
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acid,  but,  from  the  oxidized  readue,  iron  of  sufficient  purity  ia 
obtained   with   difficulty.     Compounds  of  iron   are  contained   in 

chlorophyll  and  in  the  blood  (hEemoglobin),  and  doubtless  play  an 
important  part  in  connection  with  the  vital  functions  of  these  sub- 
stances. Ammonium  sulphide  blackens  the  skin,  forming  ferrous 
sulphide  by  interaction  with  organic  compountls  of  iron  present  in 
the  tissues. 

Metallurgy.  —  The  opeaof  iron  are  first  roasted  in  order  to  decom- 
pose carbonates  and  oxidize  sulphides, if  these  salts  are  present.  Coke 
is  then  used  to  reduce  the  oxides. 
Ores  containing  lime  or  magnesia  are 
mixed  with  an  acid  flux,  such  as  sand 
or  clay-slate,  in  order  that  a  fusible 
slag  may  be  formed.  Conversely,  ores 
containing  silica  and  clay  are  mixed 
with  limestone.  With  proper  adjusts 
ment  of  the  ingredients  the  process  can 
be  carried  on  continiwusly  in  a  blast 
furnace  (Fig.  66).  The  solid  materials 
thrown  in  at  the  top  are  converted,  as 
they  slowly  descend,  completely  into 
gases  which  escape  and  liquids  (iron  and 
slag)  which  are  tapped  off  at  the 
bottom.  Heated  air  is  blown  in  at  the 
bottom  through  tuyeres,  and  the  top  is 
closed  by  a  bell  which  descends  for  a 
moment  when  on  addition  is  made  to 
the  charge.  The  gases,  which  contain 
much  carbon  monoxide,  are  led  off  and 
used  to  heat  the  blast  or  to  drive  gas- 
engines. 

The  main  action   takes  place  between   the   carbon   monoxide, 
present  in  consequence  of  the  excess  of  carbon,  and  the  oxide  of  iron : 

Fe.O,  +  4CO  p±  3Fe  +  4C0,. 
Since  the  action  b  a  reversible  one,  a  large  excess  of  carbon  monoxide 
is  required. 

In  the  upper  part  of  the  furnace,  the  heat  (400°)  loosens  the 

[ture  of  the  ore.    Further  down,  the  temperature  is  higher  (Xfy- 
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900^),  and  the  carbon  monoxide  reduces  the  oxide  of  iron  to  partada 
of  soft  iron.  A  temperature  high  enou^  to  melt  pure  iron  is  baidf 
reached  anywhere  in  the  f lunace,  but,  a  little  lower  down,  by  unioQ 
with  carbon,  the  more  fusible  cast  iron  (1200^)  is  formed  and  falls  in 
drops  to  the  bottom.  It  is  in  this  region  also  that  the  slag  is  pro- 
duced. If  the  flux  had  begun  sooner  to  interact  with  the  unreduced 
ore,  iron  would  have  been  lost  by  the  formation  of  the  silicate.  The 
iron  collects  below  the  slag,  and  the  latter  flows  continuously  from 
a  small  hole.  The  former  is  tapped  off  at  intervals  of  six  hours  or  bo 
from  a  lower  opening. 

Pure  iron  may  be  made  by  reducing  the  purified  oxalate  in  a  stream 
of  hydrogen,  or  by  Goldschmidt's  method  (p.  444). 

Cast  Iran  and    Wrought  Iranm  —  Pure  iron  is  not  mano- 
factured,  and  indeed  would  be  too  soft  for  most  purposes.     Piano- 
wire,  however,  is  about  99.7  per  cent  pure.    The  product  obtained 
from  the  blast  fiu-nace  contains  92-94  per  cent  of  iron  along  with 
2.6-4.3  per  cent  of  carbon,  often  nearly  as  much  silicon,  vaiying 
proportions  of  manganese,  and  some  phosphorus  and  sulphur.    The 
last  four  ingredients  are  liberated  from  combination  with  oxygen  by 
the  carbon  in  the  hottest  part  of  the  furnace  and  combine  or  alloy 
themselves  with  the  iron.    Cast  iron  does  not  soften  before  melting, 
as  does  the  purer  wrought  iron,  but  melts  sharply  at  1150-1250° 
according  to  the  amount  of  foreign  material  it  contains.     When 
suddenly  cooled  it  gives  chiUed  cast  iron  which  is  very  brittle  and 
looks  homogeneous  to  the  eye,  all  the  carbon  being  present  in  the 
form  of  carbide  of  iron  FejC  in  solid  solution  in  the  metal.    This 
solid  solution  is  exceedingly  hard.    By  slower  cooling,  time  b  per- 
mitted for  the  separation  of  part  of  the  carbon  as  graphite,  which 
appears  in  tiny  black  scales,  and  gray  cast  iron  results.     This  mixture 
is  much  softer,  on  account  of  the  amount  of  free,  relatively  pure  iron 
which  it  contains.     Spiegel  iron  is  cast  iron  made  from  ores  contain- 
ing 5-20  per  cent  of  manganese  and  the  usual  proportion  of  carbon. 

Wrought  iron  is  made  by  heating  the  broken  "  pigs  "  of  cast  iron 
upon  a  layer  of  material  containing  oxide  of  iron  and  hammer-slag 
(basic  silicate  of  iron)  spread  on  the  bed  of  a  reverberatory  furnace. 
The  carbon,  silicon,  and  phosphorus  combine  with  the  oxygen  of  the 
oxide,  and  the  last  two  pass  into  the  slag.  The  sulphur  is  found  in 
the  slag  as  ferrous  sulphide.    On  account  of  the  effervescence  due 
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to  the  escape  of  carbon  monoxide,  the  process  is  called  "  pig-boiling." 
The  iron  is  stirred  with  iron  rods  ("  puddled  ")  and  stiffens  as  it 
becomes  purer,  until  finally  it  can  be  withdrawn  in  balls  ("  blooms  ") 
and  freed  from  slag  under  the  steam-hammer  or  by  rolling.  It  now 
softens  suflSciently  for  welding  below  1000**  and  melts  at  1560*. 
Wrought  iron  should  not  contain  more  than  0.15  per  cent  of  carbon. 
The  above  operations  are  now  largely  performed  by  machinery. 


Pro.  67. 


steel.  —  This  is  a  variety  of  iron  almost  free  from  phosphorus, 
sulphur,  and  silicon.  Tool-steel  contains  0.9-1.5  per  cent  of  carbon, 
structural  steel  only  0.2-0.6  per  cent,  and  mild  steel  0.2  per  cent  or 
even  less.  Steel  combines  the  properties  of  cast  and  of  wrought  iron, 
being  hard  and  elastic,  and  at  the 
same  time  available  for  forging 
and  welding  when  the  proportion 
of  carbon  is  not  too  high. 

Steel  is  made  largely  by  the 
Bessemer  process.  The  molten 
cast  iron  is  poured  into  a  con- 
verter (Fig.  67)  and  a  blast  of  air 
(a)  is  blown  through  it.  The  oxi- 
dation of  the  manganese,  carbon, 

silicon,  and  a  little  of  the  iron  gives  out  suflScient  heat  to  raise  the 
temperature  of  the  mass  above  the  melting-point  of  wrought  iron. 
The  required  proportion  of  carbon  is  then  introduced  by  adding  pure 
cast  iron,  spiegel  iron,  or  coke,  and  the  contents,  first  the  slag,  and 
then  the  molten  steel,  are  finally  poured  out  by  turning  the  con- 
verter. When  the  cast  iron  contains  much  phosphorus,  the  oxide 
of  this  element  is  reduced  again  by  the  iron  as  fast  as  it  is  formed  by 
the  blast.  In  such  cases  a  basic  lining  containing  lime  and  magnesia 
takes  the  place  of  the  sand  and  clay  lining  of  the  ordinary  Bessemer 
converter,  and  a  slag  containing  a  basic  phosphate  of  calcium  is  pro- 
duced. This  modification  constitutes  what  is  known  as  the  Thortias- 
Gilchrist  process.  The  slag  ("  Thomas-slag ")  when  pulverized 
forms  a  valuable  fertilizer  (c/.  p.  401). 

In  the  Siemens-Martin,  or  open  hearth  process,  the  cast  iron  is 
melted  in  a  saucer-shaped  depression  lined  with  sand,  and  scraps  of 
iron  plate  (for  dilution)  and  haematite,  or  some  other  oxide  ore,  are 
then  added  in  proper  proportions.    The  materials  are  heated  with 
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Ferroms  Compottmds. — ^Femfiu  chloride  is  obtained  as  a  fttj^ 
green  hr^irate  FeCL.-lH.O  bv  interaction  of  hydrochloric  acid  wi:: 
the  metal  or  the  carwnate.  The  anhyinjus  salt  sublimes  in  color 
less  cn-sials  when  hvdroeen  chloride  is  !e*i  over  the  heated  neti 
In  solution  the  salt  is  oiddized  by  the  air  to  a  basic  ferric  chlorioe 

4Fe-  -  O-  J-  2H,0  -*  4Fe*-  -  40H'. 

In  presence  of  excess  of  the  aci'1.  normal  ferric  chloride  is  formed 
With  nitric  acid,  ferric  chloride  and  nitric  oxide  are  produced  ip.  295) 
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Ferrotui  hydrozide  Fe(0H)2  is  thrown  down  as  a  white  precipitate, 
but  rapidly  becomes  dirty-green  and  finally  brown,  by  oxidation.  It 
dissolves  in  solutions  of  salts  of  ammonium,  being,  like  magnesium 
hydroxide  (p.  429),  suflBciently  soluble  in  water  to  require  an  appre- 
ciable concentration  of  OH'  for  its  precipitation.  The  ammoniimd 
salts  convert  this  into  molecular  ammonium  hydroxide.  Ferrous 
oxide  FeO  is  black,  and  is  formed  by  heating  ferrous  oxalate  in 
absence  of  air.  It  may  be  made  also  by  cautious  reduction  of  ferric 
oxide  by  hydrogen  (at  about  300°),  but  is  easily  reduced  further 
to  the  metal.  It  catches  fire  spontaneously  when  exposed  to  the 
air. 

FerrouB  carbonate  FeCO,  is  found  in  nature,  and  may  be  made  in 
slightly  hydrolyzed  form  by  precipitation.  The  precipitate  is  white 
but  rapidly  darkens  and  finally  becomes  brown,  the  ferrous  hydrox- 
ide produced  by  hydrolysis  being  oxidized  to  the  ferric  condition. 
The  salt  interacts  with  water  containing  carbonic  acid,  after  the 
manner  of  calcium  carbonate  (p.  324),  and  hence  is  found  in  solution 
in  natural  (chalybeate)  waters. 

Ferrous  sulphide  FeS  may  be  formed  as  a  black,  metallic-looking 
mass  by  heating  together  the  free  elements.  It  is  produced  by 
precipitation  with  ammonium  sulphide,  but  not  with  hydrogen  sul- 
phide. It  interacts  readily  with  dilute  acids.  The  precipitated 
form  is  slowly  oxidized  to  ferrous  sulphate  by  the  air. 

Ferrous  sulphate  is  obtained  by  allowing  pyrites  to  oxidize  in  the 
air  and  leaching  the  residue: 

2FeS,  +  70,  +  2H,0  ->  2FeS0;  +  2HjS04. 

The  liquor  is  treated  with  scrap  iron  and  the  neutral  solution  evapo- 
rated imtil  a  hydrate  FeS04,7H,0,  green  vitriol,  or  "  copperas,"  is 
deposited.  The  crystals  are  efflorescent,  and  become  also  brown 
from  oxidation  to  a  basic  ferric  sulphate: 

4FeS04  +  0,  +  2H,0  ->  4Fe(0H)S0,. 

With  excess  of  sulphuric  acid  and  air,  or  an  oxidizing  agent,  such  as 
nitric  acid,  ferric  sulphate  is  formed.  The  ferrous  sulphate  is  used 
in  dyeing  and  in  making  writing-ink.  The  extract  of  nut-galls  con- 
tains tannic  acid,  HC,^0j,  which,  with  ferrous  sulphate,  gives 
ferrous  tannate.  A  solution  of  this  salt  containing  gum-arabic 
and  some  dark  coloring  matter  constitutes  the  ink.      When  the 
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writing  is  exposed  to  the  air,  the  ferrous  tannate  is  oxidised  to 
the  ferric  condition,  and  the  ferric  compound  is  a  fine,  black 
precipitate  (c/.  p.  420). 

Ferric  Campminds.  —  By  leading  chlorine  into  a  solution  of 
ferrous  chloride,  and  evaporating  until  the  proper  proportion  of 
water  alone  remains,  a  yellow,  deliquescent  hydrate  of  f anie  ehkridt, 
FeClg,  6H3O  is  obtained.  When  this  is  heated  still  further,  hydroly- 
sis takes  place  and  the  oxide  remains.  When  chlorine  is  passed  over 
heated  iron,  the  anhydrous  salt  sublimes  in  dark  scales,  which  are 
red  by  transmitted  light.  In  solution,  the  salt,  like  other  ferric  salts, 
can  be  reduced  to  the  ferrous  condition  by  boiling  with  iron.  He 
same  reduction  is  effected  by  hydrogen  sulphide: 

2Fe'"  +  Fe-^3Fe-. 
2Fe*"  +  S''->2Fe**  +  S  4. 

The  ferric  ion  is  almost  colorless,  the  yellow-brown  color  of  solutions 
of  ferric  chloride  being  due  to  the  presence  of  ferric  hydroxide  pro- 
duced by  hydrolysis.  The  color  deepens  when  the  solution  is  heated, 
and  fades  again  very  slowly,  by  reversal  of  the  action,  when  the  cold 
solution  is  allowed  to  stand. 

Ferric  hydroxide  Fe(0H)3  appears  as  a  brown  precipitate  when  a  base 
is  added  to  a  ferric  salt.  It  does  not  interact  with  excess  of  the  alkali. 
In  this  form  the  substance  dries  to  the  oxide  without  giving  definite 
intermediate  hydrated  oxides.  The  hydrates,  Fe203,2Fe(OH), 
(brown  iron  ore)  and  Fe203,4Fe(OH)3  (bog  iron  ore),  however,  are 
found  in  nature  (see  Rust,  p.  498).  The  hydroxide  passes  easily 
into  colloidal  solution  in  a  solution  of  ferric  chloride,  and  by  subse- 
quent dialysis  through  a  piece  of  parchment  the  salt  can  be  separated, 
and  a  pure  aqueous  solution  of  the  hydroxide  obtained.  This  solution 
is  red  in  color,  shows  no  depression  in  the  freezing-point,  and  is  not 
an  electrolyte.  It  deposits  the  hydroxide  as  a  brown  precipitate 
when  various  substances  are  added  to  the  solution. 

Ferric  oxide,  FcnOg,  is  sold  as  "  rouge  ''  and  "  Venetian  red."  It  is 
made  from  the  ferrous  sulphate,  obtained  in  cleaning  iron  ware  which 
is  to  be  tinned  or  galvanized,  and  in  other  ways  in  the  arts.  The 
salt  is  allowed  to  oxidize,  and  the  ferric  hydroxide,  thrown  down  by 
the  addition  of  lime,  is  calcined.  This  oxide  is  not  distinctly  acidic, 
but  by  fusion  with  more  basic  oxides,  compounds  like  franklinite 
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Zn(FeO,),  may  be  formed.  It  is  reduced  by  hydrogen,  at  about 
300*'  to  ferrous  oxide  (p.  499),  and  at  700-800°  to  metallic  iron. 

Magnetic  oxide  of  iron  Fe,04  or  lodestone  is  found  in  nature,  and 
is  formed  by  the  action  of  air  (hammer-scale),  steam,  or  carbon 
dioxide  on  iron.    It  forms  octahedral  crystals. 

Fezric  sulphide  Fe2S3  may  be  made  by  fusing  together  the  free 
elements,  but  is  not  obtained  by  precipitation.  Soluble  sulphides 
first  reduce  the  ferric  salt  to  the  ferrous  conditions,  liberating  sulphur, 

Fe,(SO03  +  (NHJ^  -^  2FeS0,  -h  (NHO^SO,  -h  S, 

and  then  give  ferrous  sulphide  (p.  254). 

Ferric  sulphate  Fe3(S04)3  is  formed  by  oxidation  of  ferrous  sulphate, 
and  is  obtained  as  a  white  mass  by  evaporation.  It  gives  alums, 
such  as  (NH4)2S04,Fe3(S04)„24H30,  which  are  almost  colorless  when 
pure,  but  usually  have  a  pde  reddish-violet  tinge. 

Byrite.  —  The  mineral  p3rrite  FeS,  (Fools'  gold)  is  the  sulphide  of 
iron  which  is  most  stable  in  the  air.  It  is  found  in  nature  in  the  form 
of  glittering,  golden-yellow  cubes,  octahedrons,  and  pentagonal 
dodecahedrons.  It  is  not  attacked  by  dilute  acids,  but  concen- 
trated hydrochloric  acid  slowly  converts  it  into  ferrous  chloride  and 
sulphur.     It  is  reduced  by  hydrogen  to  ferrous  sulphide. 

Cyanides* —  When  potassium  cyanide  is  added  to  solutions  of 
ferrous  or  ferric  salts,  yellowish  precipitates  are  produced,  but  the 
simple  cyanides  cannot  be  obtained  in  pure  form.  These  precipi- 
tates interact  with  excess  of  the  cyanide  giving  soluble  complex 
cyanides  of  the  forms  4KCN,Fe(CN)2  and  3KCN,Fe(CN),.  These 
are  called  ferro-  and  ferricyanide  of  potassium,  respectively. 

Ferrocyanide  of  potassium  K4Fe(GN)Q,  SH^O,  "  yellow  prussiate  of 
potash,"  is  made  by  heating  nitrogenous  animal  refuse,  such  as  blood, 
with  iron  filings  and  potassium  carbonate.  The  resulting  mass 
contains  potassium  cyanide  and  ferrous  sulphide,  and  when  it  is 
treated  with  warm  water  these  interact  and  produce  the  ferrocyanide: 

2KCN  -f  FeS  ->  Fe(CN)2  +  K^S, 
4KCN  4-  Fe(CN)2  ->  K4.Fe(CN)e. 

The  salt  b  made  also  from  the  cyanogen  contained  in  crude  illumi- 
nating-gas. The  trihydrate  forms  large,  yellow,  monosymmetric 
tables.    The  solution  contains  almost  exclusively  the  ions  K*  and 
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Fe(CN)/''',  and  gives  none  of  the  reactions  of  the  ferrous  ion  Fc*. 
The  corresponding  acid  H^.FeCCN),  may  be  obtained  as  wfahe 
cr3rstalline  scales  by  addition  of  an  acid  and  of  ether  (in  which  tbe 
substance  is  less  soluble  than  in  water)  to  the  salt.  The  add  is  i 
fairly  active  one,  but  is  unstable  and  decomposes  in  a  complei 
manner.  Other  ferrocyanides  may  be  made  by  precipitation.  Tlat 
of  copper  Cu2.Fe(CN)j  is  brown,  and  ferric  ferrocyanide  Fe4[Fe(CN)|], 
has  a  brilliant  blue  color  ("  Prussian  blue  ").  The  ferrous  com- 
pound FcjFeCCN),,  or  perhaps  K^FeFeCCN),,  is  white  but  quicldj 
becomes  blue  by  oxidation.  The  ferrocyanides  are  not  poisonous. 
Ferricyanide  of  potassium  KsFeCGN)^  is  easily  made  from  the  ferro- 
cyanide by  oxidation: 

2K,Fe(CN)e  -f  C1,->2KC1  -f  2K,.Fe(CN)e, 
or  2Fe(CN).''''  -f  CI,  ->  2Fe(CN)/''  -h  2CK. 

It  forms  red  monosymmetric  prisms.  The  free  acid  HjFeCCN),  is 
unstable.  Other  salts  may  be  prepared  by  precipitation.  Ferrous 
ferricyanide  Fes[Fe(CN)j3  is  deep-blue  in  color  ("  Tumbull's  blue  "). 
With  ferric  salts  only  a  brown  solution  is  obtained. 

Iron  Carbonyls,  —  When  carbon  monoxide  is  led  over  finely 
divided  iron  at  40-80°,  or  under  eight  atmospheres  pressure  at  the 
ordinary  temperature,  volatile  compounds  of  the  composition 
Fe(C0)4,  the  tetracarbonyl,  and  FeCCO)^,  the  pentacarbonyl,  are 
formed.  When  the  gaseous  mixture  is  heated  more  strongly,  the 
compounds  decompose  again,  and  iron  is  deposited.  Illuminating- 
gas  burners  frequently  receive  a  deposit  of  iron  from  this  cause. 

Analytical  Reactions  of  Compotmds  of  Iron.  —  There  are 

two  ionic  forms  of  iron,  ferrous-ion  Fe",  which  is  very  pale-green,  and 
ferric-ion  Fe"*,  which  is  almost  colorless.  Ammonium  sulphide 
forms,  with  both,  black  ferrous  sulphide  which  is  soluble  in  dilute 
acids.  The  hydroxides  are  white  and  brown  respectively,  and 
ferrous  carbonate  is  white.  With  ferric  salts,  soluble  carbonates 
yield  the  hydroxide.  With  ferrocyanide  of  potassium,  ferrous  salts 
give  a  white,  and  ferric  salts  a  blue,  precipitate.  With  ferricyanide 
of  potassium  the  former  give  a  deep-blue  precipitate,  and  the  latter 
a  brown  solution.     Ferric  thiocyanate  Fe(CNS),  is  deep-red  (p.  179). 
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f    With  borax,  iron  compounds  give  a  bead  which  is  green  in  the 
I    reducing  flame,  and  colorless  or,  with  much  iron,  yellow  or  even 
brown  when  oxidized. 

Cobalt  Co. 

The  Chemical  Melatians  of  the  ElemefU*  —  Cobalt  forms 
cobaltous  and  cobaltic  oxides  and  hydroxides  CoO  and  Co  (OH),, 
CojO,  and  Co(OH)„  respectively,  which  are  all  basic,  the  former 
more  so  than  the  latter.  The  cobaltous  salts  are  Uttle  hydrolyzed, 
but  the  cobaltic  salts  are  completely  decomposed  by  water.  The 
latter  also  liberate  readily  one-third  of  the  negative  radical,  after  the 
manner  of  manganic  salts,  becoming  cobaltous.  Complex  cations 
and  anions  containing  cobalt  are  very  numerous  and  very  stable. 

Occurrence  and  Properties, — Cobalt  is  found  along  with  nickel 
in  smaltite  CoAs,  and  cobaltite  CoAsS.  The  pure  metal  may  be 
made  by  Goldschmidt's  process,  or  by  reducing  the  oxalate,  or  an 
oxide,  with  hydrogen. 

The  metal  is  silver-white,  with  a  faint  suggestion  of  pink.  It  is 
less  tough  than  iron,  and  has  no  commercial  applications.  It  dis- 
places hydrogen  slowly  from  dilute  acids,  but  interacts  readily  with 
nitric  acid. 

Cobaltous  Compounds. — The  chloride  CoCl,,  CHjO  may  be  made 
by  treating  the  oxide  with  hydrochloric  acid.  It  forms  red  prisms, 
and  when  partially  or  completely  dehydrated  becomes  deep-blue. 
Writing  made  with  a  diluted  solution  upon  paper  is  almost  invisible, 
but  becomes  blue  when  warmed  and  afterwards  takes  up  moisture 
from  the  air,  and  is  once  more  invisible  ("  sympathetic  ink  ")•  Most 
cobaltous  compounds  are  red  when  hydrated  or  in  solution  (Co**) 
and  blue  when  dehydrated.  By  addition  of  sodium  hydroxide  to  a 
cobaltous  salt,  a  blue  basic  salt  is  precipitated.  When  the  mixture 
is  boiled,  the  red  cobaltous  hydrozide,  Co  (OH),  is  formed.  This 
becomes  brown  through  oxidation  by  the  air.  It  interacts  with 
ammonium  hydroxide,  giving  a  soluble  ammonio-cobaltous  hydrox- 
ide, which  is  quickly  oxidized  by  the  air  to  an  ammonio-cobaltic 
compound  (see  below).  It  dissolves  also  in  salts  of  ammonium  as 
magnesium  hydroxide  does  (p.  429).  When  dehydrated  it  leaves 
the  black  cobaltous  oxide  CoO.     Cobaltous  sulpha^,  C0SO4,  7H3O, 
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and  cobaltoiu  nitrate,  CoCNOs),,  6H3O,  are  familiar  salts.  The  black 
eobaltonB  8ii]^>hide,  CoS,  is  precipitated  by  ammonium  sulphide  from 
solutions  of  all  salts,  and  even  by  hydrogen  sulphide  from  the  acetate, 
or  a  solution  containing  much  sodium  acetate  (c/1  p.  399).  Once  it 
has  been  formed,  it  does  not  interact  even  with  dilute  hydrochloric 
acid,  having  apparently  changed  into  a  less  active  form.  A  sort  of 
cobalt  glass,  made  by  fusing  sand,  cobalt  oxide,  and  potassium 
nitrate,  forms,  when  powdered,  a  blue  pigment  ("  smalt  ")  used  in 
china-painting  and  by  artists. 

CobalHc  Compounds.  —  By  addition  of  a  hypochlorite  to  a  solu- 
tion of  a  cobaltous  salt,  cobaltic  hydroxide  Co  (OH)  3,  a  black  powder, 
is  precipitated.  Cautious  ignition  of  the  nitrate  gives  cobaltic  ozido, 
CojOj.  Stronger  ignition  gives  the  commercial  oxide,  which  is  a 
cobalto-cobaltic  oxide  C03O4.  Cobaltic  oxide  dissolves  in  cold  hydro- 
chloric acid,  but  the  solution  gives  oflf  chlorine  when  warmed.  By 
placing  cobaltous  sulphate  round  the  anode  of  an  electrolytic  cell, 
crystals  of  cobaltic  sulphate,  CojCSO^),,  have  been  made  and  cobaltic 
alums  have  also  been  prepared. 

Complex  Coftipounds.  —  Potassium  cyanide  precipitates  from 
cobaltous. salts  a  brownish-white  cyanide  which  interacts  with  excess 
of  the  reagent,  giving  a  solution  of  potassixmi  cobaltocyanide  K^.Co 
(CN)q  (c/.  p.  501).  This  compound  is  easily  oxidized  by  chlorine,  or 
even  when  the  solution  is  boiled  in  the  air,  and  the  colorless  potassium 
cobalticyanide  is  formed: 

4K,Co(CN)o  +  2H2O  +  O2 ->  4K3.Co(CN)e  +  4K0H. 

The  solution  gives  none  of  the  reactions  of  Co*",  and  with  acids  the 
very  stable  cobalticyanic  acid,  H3Co(CN)3,  is  liberated. 

When  acetic  acid  and  potassium  nitrite  are  added  to  a  cobaltou.^ 
salt,  the  latter  is  oxidized  by  the  nitrous  acid  (liberated  by  tlio  acetic 
acid)  and  a  white  complex  salt  K3.Co(NOo)e,riH20  (=  Co(XOJj, 
3KNO2),  potassium  cobaltinitrite,  is  thrown  down. 

Cobaltic  salts  give  with  ammonia  complex  compounds  which  are 
many  and  various.  The  cations  often  contain  negative  groups,  and 
are  such  as  Co(NH3)e***,  Co(NH3),Cr*  and  Co(NH3),NO/-.  Usually 
the  solutions  give  none  of  the  reactions  of  cobaltic  ions,  and  often 
fail  likewise  to  give  those  of  the  anion  of  the  original  salt. 
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Nickel. 


The  Chetnical  MelatUma  of  the  Element.  —  Nickel  forms 
nickelous  and  nickelic  oxides  and  hydroxides  NiO  and  Ni(OH)^ 
NijOj,  and  NiCOH),,  but  only  the  former  are  basic.  The  nickelous 
salts  resemble  the  cobaltous  and  ferrous  salts,  but  are  not  oxidizable 
into  corresponding  nickelic  compoxmds.  Since  there  are  no  nickelic 
salts,  there  are  here  no  analogues  of  the  cobalticyanides  or  the 
cobaltinitrites.  The  complex  nickelous  salts,  like  the  complex 
cobaltous  salts,  and  imlike  the  complex  cobaltic  salts,  are  unstable, 
and  so  give  some  of  the  reactions  of  Ni". 

Occurrence  and  Properties. —  Nickel  occurs  free  in  meteorites 
and  in  niccolite  NiAs  and  nickel  glance  NiAsS.  It  is  now  manu- 
factured chiefly  from  pentlandite  [Ni,Fe]S  and  other  minerals  foimd 
at  Sudbury  (Ontario),  and  from  gamierite,  a  silicate  of  nickel  and 
magnesium  found  in  New  Caledonia. 

The  metal  is  white,  with  a  faint  tinge  of  yellow,  is  very  hard,  and 
takes  a  high  polish.  It  is  used  in  making  alloys,  such  as  German 
silver  (copper,  zinc,  nickel,  2:1:1)  and  the  "  nickel  "  used  in  coin- 
age (copper,  nickel,  3:1).  Nickel  plating  on  iron  is  accomplished 
exactly  like  silver  plating  (p.  421).  The  bath  contains  an  anrnionia- 
cal  solution  of  ammonium-nickel  sulphate  (NH4)2S04,NiS04,  6H,0, 
and  a  plate  of  nickel  forms  the  anode. 

The  metal  rusts  very  slowly  in  moist  air.  It  displaces  hydrogen 
with  difliculty  from  dilute  acids  but  interacts  with  nitric  acid. 

Cotnpoutuis  of  Nickel*  —  The  chloride  NiCl2,6H,0,  is  made  by 
treating  any  of  the  oxides  with  hydrochloric  acid,  and  is  green  in 
color  (when  anhydrous,  brown).  The  snlphate,  NiS04,6HjO,  which 
crystallizes  in  square  prismatic  forms  at  30-40°,  is  the  most  familiar 
salt.  Nickelous  hydroxide,  Ni(0H)2,  is  formed  as  an  apple-green 
precipitate,  and  when  heated  leaves  the  green  nickelous  oxide,  NiO. 
It  dissolves  in  ammonium  hydroxide,  giving  a  complex  nickel- 
ammonia  cation.  It  is  soluble  also  in  salts  of  ammonium  (c/.  p.  429). 
By  cautious  ignition  of  the  nitrate,  nickelic  oxide,  Ni^O,,  is  formed  as 
a  black  powder.  The  oxides  and  salts,  when  heated  strongly  in 
oxygen  give  the  oxide  NijOi.  The  last  two  oxides  liberate  chlorine 
when  treated  with  hydrochloric  acid,  and  give  nickelous  chloride. 
Nickelic  hydroxide,  Ni(OH)„  is  a  black  precipitate  formed  when  a 
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hypochlorite  is  added  to  any  salt  of  nickel  Nickelons  sn^liidt  is 
thrown  down  by  ammonium  sulphide,  and  behaves  like  oobaltons 
sulphide  (p.  504).  It  forms  a  brown  colloidal  solution  wh^i  excess 
of  the  precipitant  is  used,  and  is  then  deposited  very  slowly. 

With  potassium  cyanide  and  a  salt  of  nickel  the  greenish  nickftloiii 
cyanide,  Ni(CN)2,  is  first  precipitated.    This  dissolves  in  excess  of 
the  reagent,  and  a  complex  salt  KaNiCCN)^,  HjO(=  2KCN,Ni(CN),) 
may  be  obtained  from  the  solution.    This  salt  is  of  diflFerent  compo- 
sition from  the  corresponding  compounds  of  cobalt  and  of  iron,  and 
is  less  stable.    Thus,  with  bleaching  powder,  it  gives  Ni(OH),  as  a 
black  precipitate.     When  the  solution  is  boiled  in  the  air  no  oxida- 
tion to  a  complex  nickelicyanide  occurs,  and  indeed  no  such  salts  are 
known.    This  fact  enables  the  chemist  to  separate  cobalt  and  nickel, 
for  when  the  mixed  cyanides  are  boiled  and  then  treated  with  bleach* 
ing  powder,   the  cobalticyanide  is  unaffected.     With    potassium 
nitrite  and  acetic  acid  no  insoluble  compound  corresponding  to  that 
given  by  cobalt  salts  is  formed  by  salts  of  nickel.    The  only  known 
compound  which  could  be  formed,  4KN02,Ni(NO,),,   is  soluble. 
This  action  also  is  used  for  the  purpose  of  separation. 

When  finely  divided  nickel,  made  by  reducing  the  oxide  or  oxalate 
with  hydrogen  at  a  moderate  temperature,  is  exposed  to  a  stream  of 
cold  carbon  monoxide,  nickel  carbonyl  Ni(C0)4  is  formed.  This  is  a 
vapor  and  is  condensable  to  a  colorless  liquid  (b.-p.  43®  and  m.-p. 

—  25°).  The  vapor  is  poisonous.  When  heated  to  150-180®  it  is 
dissociated  and  nickel  is  deposited.  Cobalt  forms  no  corresponding 
compound. 

Analytical  Reactions  of  Compounds  of  Cobalt  and  Nickel* 

—  The  cobalt  ion  Co"  is  pink,  and  the  nickelous  ion  Ni"  green.  The 
reactions  used  in  analysis  have  been  described  in  the  preceding 
paragraphs.  With  borax,  cobalt  compounds  give  a  blue  bead,  and 
nickel  compounds  a  bead  which  is  brown  in  the  oxidizing  flame  and 
cloudy,  from  the  presence  of  gray,  metallic  nickel,  when  reduced. 

Exercises. —  1.  What  would  be  the  interactions  of  calcium  car- 
bonate when  fused  with  sand  and  with  clay,  respectively? 

2.  Make  equations  representing,  (a)  the  oxidation  of  ferrous 
chloride  by  air,  (6)  the  hydrolysis  of  ferrous  carbonate  and  the 
oxidation  of  ferrous  hydroxide,  (c)  the  oxidation  of  ferrous  sulphate 
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with  excess  of  sulphuric  acid  by  hypochlorous  acid,  (d)  the  formation 
of  ferrous  and  ferric  tannates  (p.  499),  (e)  the  reduction  of  ferric 
chloride  by  iron  and  by  hydrogen  sulphide,  respectively,  (/)  the  dry 
distillation  of  basic  ferric  sulphate,  (g)  the  formation  of  ferric  ferro- 
cyanide  and  of  ferrous  f erricyanide. 

3.  Explain  the  solubility  of  cobaltous  and  nickelous  hydroxide  in 
salts  of  ammonium. 

4.  Construct  equations  to  show  the  formation,  (a)  of  the  insoluble 
potassium  cobaltinitrite  (nitric  oxide  is  given  off),  (b)  of  nickelic 
hydroxide  from  nickelous  chloride  and  sodium  hypochlorite. 

5.  Tabulate  in  detail  the  chemical  relations  of  the  elements  cobalt 
and  nickel,  with  especial  reference  to  showing  the  resemblances  and 
differences. 


510  COLLEGE  CHEBUSTRT 

rUMnum. — This  metal  (dim.  of  Sp.  pUUa,  silver)  is  grayiA- 
white  in  color,  and  is  very  ductile.  At  a  red  heat  it  «w  be  welded. 
It  does  not  melt  in  the  Bunsen  flame  but  fuses  easily  in  tiie  mj^ 
drogen  jet.  On  account  of  its  very  small  chemical  activity  it  is  toed 
in  electrical  apparatus  and  for  making  wirCi  foil,  and  crucibleB  and 
other  vessels  for  use  in  laboratories.  It  interacts  with  fused  alkaliea^ 
giving  platinates.  The  oxygen  acids  are  without  action  upcm  it, 
but  the  free  chlorine  in  aqua  regia  converts  it  into  chloroplatiiuc  add 
HjPtCl,. 

The  metal  condenses  oxygen  upon  its  surface  and  it  disBolva 
hydrogen.    The  finely  divided  forms  of  the  metal,  such  as  platiniB 
sponge  made  by  igniting  ammonium  chloroplatinate  (NHJ^PtC^ 
and  platiniun  black  made  by  adding  zinc  to  chloroplatinic  acid,  shoir 
this  behavior  very  conspicuously.    They  cause  instant  explosion  of 
a  mixture  of  oxygen  and  hydrogen,  in  consequence  of  the  beat 
developed  by  the  rapid  union  of  that  part  of  the  gases  which  is  con- 
densed in  the  metal.    A  heated  spiral  of  fine  platinum  wire  will 
continue  to  glow  if  immersed  in  the  mixture  of  alcohol  vapor  and 
oxygen  formed  by  leading  oxygen  throu^  liquid  alcohoL    The  heat 
is  developed  by  the  interaction  which  takes  place  between  the  sub- 
stances with  great  speed  at  the  surface  of  the  platinum.     Platinum 
sponge  is  the  active  constituent  of  the  contact-mass  used  in  making 
sulphur  trioxide  (p.  257). 

Platinum  is  the  only  otherwise  suitable  substance  which  has  the 
same  coefficient  of  expansion  as  glass,  and  it  is  consequently  fused 
into  incandescent  bulbs  and  furnishes  the  electrical  connection  with 
the  filament  in  the  interior.  Large  amounts  are  also  consumed  in 
photography.  The  price  of  the  metal  is  subject  to  great  variations, 
since  a  rainy  season  in  the  Caucasus  will  render  larger  amounU 
accessible  to  the  miners;  but,  on  the  whole,  the  many  applications 
which  have  been  found  for  it  have  tripled  its  price  in  the  last  twenty 
years. 

When  special  resistance  to  chemical  or  mechanical  influences  is 
required,  as  in  standard  meters  for  international  reference,  or  points 
of  fountain  pens,  the  alloy  with  iridium  is  employed. 

Compannds  of  JPIatlnum, — Platinons  chloride  is  made  by  paF  - 
ing  chlorine  over  finely  divided  platinum  at  240-250^  or  by  heatlag 
chloroplatinic  acid  to  the  same  temperature.    It  is  greenish  and 
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insoluble  in  water,  but  forms  with  hydrochloric  acid  the  soluble 
chloroplatinonB  add  HjPtCI^.  Potassium  chloroplatinite  K3PtCl4  is 
used  in  making  platinum  prints.  Bases  precipitate  black  platinous 
hydroxide  PtCOH),  which  interacts  with  acids  but  not  with  bases. 
Gentle  heating  gives  the  oxide  PtO  and  stronger  heating  the  metal. 
With  potassium  cyanide  and  barium  cyanide  soluble  platino-eyanides, 
K2Pt(CN)4,3H,0  and  BaPt(CN)4,4H,0,  are  formed.  These  sub- 
stances, when  solid,  show  strong  fluorescence,  converting  X-rays  as 
well  as  ultra-violet  rays  into  visible  radiations.  The  barium  salt  is 
used  to  coat  screens  on  which  the  shadows  cast  by  X-rays  are 
received. 

Ohloroplatinic  acid  HsPtCI^yGHjO  is  made  by  treating  the  metal 
with  aqua  regia,  and  forms  reddish-brown  deliquescent  crystals. 
With  potassium  and  ammonium  salts,  it  yields  the  sparingly  soluble, 
yellow  chloroplatinates  KjPtCl,  and  (NHJ^PtCl,  (c/.  p.  369),  in 
solutions  of  which  the  platinum  migrates  towards  the  anode  and 
silver  salts  precipitate  AgjPtCl^  and  not  silver  chloride.  Bases 
interact  with  chloroplatinic  acid,  giving  a  yellow  or  brown  precipitate 
of  platinie  hydroxide  Pt(0H)4.  This  substance  interacts  with  bases 
to  give  platinates,  like  NajHioPtsOi^HjO.  Both  sets  of  platinum 
compounds  interact  with  hydrogen  sulphide,  giving  the  sulphides, 
PtS  and  PtSj  respectively.  These  are  black  powders  which  dissolve 
in  yellow  ammonium  sulphide  solution,  much  as  do  the  sulphides  of 
gold,  arsenic,  and  other  metals,  giving  anunonium  sulphoplatinates. 
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*«*  Adds  are  all  listed  under  "  aoid  '*  and  Mils  under  the  positive  radical. 


Acetone,  318 
Aoetylene,  136»  330,  341 
Acid,  acetic,  64,  318,  331,  382 

antimonic,  467,  469 

arsenic,  463,  465 

areenious,  465 

boracic,  349 

boric,  349 

bromic,  197 

carbolic,  294 

carbonic,  323 

chloric,  195 

chloroiridic,  609 

chloroplatinic,  299,  509,  510,  511 

chlorous,  196 

chromic,  479 

disulphuric,  263 

formic,  325,  330 

hydrazoic,  280,  28^ 

hydriodic,  167,  168,  see  Hydrogen 
iodide 

hydrobromiCy    163,   see   Hydrogen 
bromide 

hydrochloric,  63, 122,  see  Hydrogen 
chloride 
fractions  ionized,  227 

hydrocyanic,  335 

hydromioboric,  349 

hydrofluoric,  170. 

hydrofluosilicic,  345 

hypobromous,  197 

hypochlorous,  115,  190 
bleaching  by,  192,  194 

hyponitrous,  3l60 

hypophosphoric,  309 

hypophosphorous,  309 

hyposulphurous,  258 

iodic,  198 

lactic,  333 

metaphosphoric,  309,  312 

metastannic,  454 

muriatic,    123,    see    Acid,    hydro- 
chloric 

nitric,  292,  301 
fuming,  294,  296 


Acid,  nitric,  oxidizing  actions  of,  297 

test  for,  296 
nitrosylsulphuric,  259 
nitrous,  299 

orthophosphoric,  309,  311 
osmic,  508 
oxalic,  325,  331 
palmitic.  334 
perchloric,  196,  197 
periodic,  198 
permanganic,  491 
persulpburic,  267 
phospnoric,  118,  161 
phosphorous,  309,  313 
picric,  294 
prussic,  335 

pyrophosphoric,  309,  312 
salts,  231 
selenic,  270 
silicic,  346 
a-stannic,  454 
^-stannic,  454 
sulpharsenic,  466 
sulphuric,  63,  257,  259,  264 

chamber  process,  259 

contact  process,  257 

electrol^s  of,  216 

heat  of  solution,  100 

properties,  263,  264 

uses,  264 
sulphurous,  257,  265 
sulphydric,  252 
tannic,  449,  499 
telluric,  270 
thiosulphuric.  266 
Addimetrjr,  240 
Acids^  active,  229 
activity  of,  229 
chemical  behavior  of,  201 
common^  63 

dibasic,  ionization  of,  252 
feeble,  229 

interaction  with  oxides.  111 
ionic  substances  from,  232 
monoba8ic,  dibasic,  etc.,  231 
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Acids,  nomenclature  of,  186 

non-ionic  formation  of,  246 

of  constant  boiling-pcunt,  120 

organic,  330 

phosphoric,  308 
tests  for,  313 

polythionic,  258 

weak,  229 

xanthoproteic,  294 
Actions,  baLanoed,  176 

non-ionic,  246 

reversible,  174 
completion  of,  184 
Activity,  apparent,  177 

chemical,  18 

intrinsic,  177 

of  ionoffcns,  229 

of  metals^  order  of,  244,  245 

9ee  Chemical  activity 
Adsorption,  80,  319,  449 
Affinity,  apparent  and  intrinsic,  177 

chemical,  120 

constant,  181 

see  Chemical  activity 
Agate,  346 
Agar-agar,  218 
Air,  286 

composition,  288 

fixed,  322 

liquid,  290 
Albite,  373 
Albumins,  279,  280 
Alcohol,  absolute,  333 

ethyl,  329,  333,  478 

methyl,  318,  333 
Aldehyde,  478 
Alizanne,  449 
Alkalies,  66,  81,  232 

metals  of,  360 
Alkalimetry,  240 
"Alkaline  air,"  280 
Alkaline  earths,  metals  of,  388 
Allotropic  forms,  306 
Alloys,  352,411 
Alum,  burnt,  447 

chrome,  501 

common,  447 

ferric,  501 

neutral,  447 
Alumina,  446 
Aluminates,  445 
Aluminium,  443 

bronze,  444 

car!)ide,  320,  329,  368 
chloride,  445 
hydroxide,  445 


Aluminium,  -ion,  450 

oxide,  446 

sulphate,  446 

sulphide,  447 
Aluminothermy,  355»  444 
Alums,  447 
Amalgam,  ammoniuoa,  371 

sodium,  373 
Amalgams,  352,  436 
Amblygonite,  380 
Anmionia,  %1 

Anmionia-soda  pixxxsea,  378 
Ammonio-argentio-ion,  419 

-cupric  compounds,  412.  413. 
416 

-cuprous  compounds,  412,  413 
Anmionium  amaJ^un,  371 

bicarbonate,  3^ 

bisulphate,  370 

bitartrate,  371 

carbonate,  370 

chloride,  283,  370 
heat  of  solution,  100 

chloroplatinate,  371,  511 

compounds,  test  for,  283 

dichromate,  481 

-hydrogen  sulphide,  370 

hydrosde,  2^,  283 

-ion,  371 

molybdate,  482 

nitrate,  300,  301,  370 

nitrite,  279 

persulphate,  370 

polysiuphides,  371 

sulphate,  370 

sulphide,  370 
vellow^  371 

sufphantimoniate,  469 

sulpharaenate,  466 

sulphostannate,  455 

thiocyanate,  336,  370 
Amorphous  bodies,  249 
Amperemeter,  226 
Analysis,  gravimetric,  242 

qualitative  (cations),  439 

volumetric,  242 
Analytical  reactions,  aluminium, 

ammonium,  371 

barium,  406 

cadmium,  435 

calcium,  403,  406 

chromium,  482 

cobalt,  506 

copper,  416 

iron,  502 

lead,  460 


*«*  Acids  are  all  listed  under  "acid  '*  and  salts  under  the  positive  ndioal. 
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Analytical  reactions,  magnesium,  430 

manganese,  492 

mercury,  439 

nickel,  506 

potassium,  369 

silver,  422 

sodium,  380 

strontium,  404,  406 

tin,  455 

zinc,  434 
Anglesitc,  459 
Anhydride,  chromic,  477,  479 

hypochlorous,  191 

iodic,  198 

nitric,  294 

nitrous,  260,  300 

perchloric,  196 

permanganic,  491 

phosphoric,  51,  .'i08 

phosphorous,  308 

sulphuric,  257 

sulphurous,  51,  256 
Anhydrides,  51 

relation  to  acids,  310 
Anhydrite,  399 
Animal  charcoal,  319 
Anion,  224 
Anode,  224 
Anthracite,  320 
Antichlor,  380 
Antimony,  467 

chloritles,  468 

halides,  468 

nitrate,  468 

oxides,  467 

oxychloride,  468 

sulphate,  467,  468 

sulphides,  469 

trichloride,  468 

tetroxide,  467 

trioxide,  467 

trisulphide,  467 
Antimonyl,  468 
Apatite,  :i03,  401 
Aq,  meaning  of  symlwl,  52 
Aqua  regia,  299,  :^)2 
Aqueous  tension,  60 
Aiventic  compounds,  see  Silver 

-ion,  422 
Arjcon,  286,  290 

Arithmetical  problems,  43,  60,  143 
Arrows,  vertical,  118 
Arsenic,  462 

family,  471 

pentiiflulphide,  4(>6 

pcntoxi(ie,  4(m 

*«*  Acids  aro  all  li<4tMl  un<l«*r  "uoid  " 


ArseniCy'sulphides,  466 

trichloride,  464 

trioxide,  464 

white,  464 
"  Areenic,"464 
Areenious,  see  Arsenic  tri- 
Arsenuretted  hydrogen,  463 
Arsine,  463 
Asbestos,  428 
Ash,  black,  376 

bone,  401 
Assaying,  425 
Atakamite,  411 
Atmosphere,  286 
Atomic  heats,  135 
Atomic  hypothesis,  89,  151 
Atomic  weight,  36,  130 

of  a  new  element,  147 
Atomic    weights,    advantages    over 
equivalents,  134 

jdetermination  of,  277 

table  of,  inside  rear  cover 
Atoms,  127 

properties  of,  152,  156 
Attributes  of  bodies,  23 
Aurates,  425 
Avogadro's  hypothesis,  89,  125 

Bacteria,  331,  333 

nitrifying,  280 
Balanced  actions,  176 
Harflf's  process,  498 
Barite,  248,  405 
Barium,  405 

carbide,  358 

carbonate,  405 

chlorate,  406 

chloride,  405 

chromate,  479 

compounds  of,  405 

dioxide,  see  Peroxide 

hydroxide,  406 

-ion,  406 

nitrate,  406 

oxide,  45,  406 

peroxide,  45,  211 

sulphate,  405 

sulphide,  405 
Barometer,  58 

correction  of,  59 
Baryta-water,  406 
Bases^  81 

activity  of,  229 

chemical  l)ehavior  of,  201 

ionic  sul3stanc<*8  from,  232 

non-ionic  fonnation  of,  246 

ami  nltt  uocler  the  poMitiva  radioal. 


Baaea,  aolubifities  of.  Table 

Basic  salts,  2^1 

Basicitj-,  2JI 

Bauxite,  21,  4o 

Bead  t«eta.  313,  350 

Bell-metal.  411 

Bengal  lights,  46(1 

Benzine,  32S 

Bercl.  348,  428 

Beiyllium.  427 

Bessemer  process,  497 

Bicarbonatce,    str   Hydrogen   carbo- 

Bicbromates.  ivr  Diehromatea 
Blnaiy  compounds,  70 
Bischoate,  108 
Bismuth,  47D 

compouD<b,  470,  471 
Bisul^ules,  2G5,  ?m  Hydrogen  sul- 

Bisulpbidw,  253 

Bisulphites,  aee  Hydrogen  Bulphites 

BUck-ash,  37G 

Black-le^  318 

Blast  ftiroace.  495 

Bleaching,  192,  103,  210,  213,  257 

powder,  189,  399 
Blood  charcoal,  319 
Blue-stone  (blue  vitriol),  415 
Bodv,  definition  of,  22 
Boiling-points  of  suliilions.  ttlmomial, 

207 
Bonc-ash.  303.  401 
Bone  black.  319 
Bones,  distillation  of,  :t3I 
BoKwite,  350 
Borates.  330 
Borax,  MH,  .t."*,  3S0 
Boron.  348 

coni|>oundii  of,  349 

nitride,  2S0 
Boyle's  law,  59,  87 

Braiiiutc,  487 

Breathing,  chemistn"  of,  !>'2 

Bricks.  449 

Brimstone,  248 

Brin's  OXJ'gen  process,  4C,  391 

Britannia  metal,  A''' 


Cadhidu,  434 
compounds,  434 
-ion,  435 
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Calii.] 
Calci] 

Calcite,  94,  ; 
Calcium,  :iS9 

aluminate,  446 

bicarbonate,  391 

bisulphite,  266,  332 

carbide,  321,  390 

carbonate,  94,  322,  390 

chlorate,  195 

chloride,  390 

chromute,  479 

fluoride,  168,  390 

hydride.  390 

-hydroeen  sulphite,  266,  332 

liydroxide,  393 

-ion,  403 

light,  338 

manganite,  490 

nitride,  280,  281,  390 

oxalate,  331,  394 

oxide,  322,  392 

phosphate,  303 

phosphates,  401 

phosphide,  :M7 


tiilir;it 


,402 


siiiplmte,  95,  399 
sulphide,  37ti,  400 
hydrolysis  of ,  254 
ralculations,  43 
.Calomel,  436,  439 
Calorie,  55 
Camphor,  2G8 
332 


<'urbid''a,  ell aracteris lies  of,  358 
{■arbohydrates,  332 
<'art)On,  316 

amorphous,  318 
chpmical  relations  of,  316 
classes  of  compounds.  327 
liydrofien  itunpounds,  327 
propertic*.  319,  320 
dioxide,  321 
di sulphide,  32G 
monoxide.  325 

compounds  -with  metals,  502, 
poisoning,  326 
pure,  319 
tetrachloride,  329 
Carbonates,  ^3,  .i'H 

rill,  »fe  Uyiimgpu  carbonates 
.umcteristicsof,  ■■t.^ 
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Carbonates,  effect  of  heating,  322 

Carbonyl  chloride,  320 

Carborundum,  320,  344 

CamalUte,  362,  428 

CajBsiterite,  452 

Casts,  400 

Catalytic  action,  54 

Catalytic  actions,  74,  114,  161,  257, 

268,  299,  302,  332,  336 
Cathode,  224 
Cations,  224 
Cat's  eye,  346 
Cause^  definition  of,  19 
Caustic  potash,  232 
Caustic  soda,  232,  374 
Celestite,  248,  404 
CeUulose,  318,  325,  332 
Cement,  393 
Cerite,  460 
Cerium,  443,  460 

dioxide,  338 
Chalcocite,  409 
Chalk.  391 

Chamber  process,  259 
Chance's  process,  377 
Charactenstics  of  chemical  phenom- 
ena, 3,  11,  12,  18,  29,  3:i 
Charcoal.  318,  319,  320 
C^harles'  law,  60,  88 
Chemical  action,  means  of  initiating, 
53 

actions,  reversible,  174 

activity,  18 
cause  of,  19 
measured  by  fractions  ionized, 

229 
measurement  of.  19 

change,  extent  of  with  ionogens, 
233 
varieties  of.  9,  68,  81,  115,  124, 
243  (ionic) 

changes,  simultaneous,  194,  196 

energy,  17 

equiubrium,  see  £k]uilibrium 

phenomena,  illustrations  of,  6,  7,  8 

properties,  specific,  75 

relations  of  elements,  1 16,  157 
Chemistry,  methods  of  work  in,  24 
Chinese  white,  432 
Chi  tin,  391 
Chlorates,  195 
Chlorides,  characteristics  of,  357 

electroi^is  of,  109 

interaction  with  acids,  117 

modes  of  preparing,  123 

solubility,  122 

•••  Adds  are  all  lixted  under  "  acid  " 


Chlorine,  108 

dioxide,  196 

heptoxide,  197 

monoxide,  191 

test  for,  114 

uses,  116 
Chloroform,  329 
Chlorophyll,  324,  495 
Chrome-alum,  481 
Chrome-red,  479 
Chromic,  anhydride,  477,  479 

chloride,  480 

hydroxide,  480 

-ion.  482 

oxiae,  481 

sulphate,  481 
Chromite,  475 
Chromites,  480 
Chromium,  474 

carbide,  358 

trioxide,  481 
Chromous  compounds,  481,  482 
annabar,  435,  438 
Clay,  348,  449 
Coal,  320 
Coal  gas,  340 
Cobalt,  503 

aluminate,  450 

complex  compounds,  504 

zincate,  433 
Cobaltic  compounds,  504 
(bbaltite,  503 
Cobaltous  compounds,  503 
Coke,  318,  320 
Colemanite,  348 
Colloidal  solution,  90,  500 
Columbium,  472 
Combination,  9 

Combining  proportions,  measure- 
ment of,  29 
Combining  weights,  31 

law  of,  34 
Combustion,  51 

heat  of,  55 

spontaneous,  56 

Common  ion,  effect  of  adding,  386 
Complex  ions,  formation  of,  413 
Components,  physical,  22 
Compound,  7 
Compounds,  binary,  70 

unsaturated,  25/ 
Concentration,  molecular,  178 

molecular,  law  of,  180 

of  gases,  88,  179 
Conditions,  24 

and  nits  under  the  positive  radioaL 
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Conductivity,  electrical,  of  metals,  353 

electrical,  of  solutions,  226 

interpretation  of,  226 
Condy's  disinfecting  fluid,  491,  492 
Congp  red,  243 
Conservation  of  energy,  17 

of  mass,  12 
Constant,  equilibrium,  ISl 

ion-product,  385 

ionization,  225 

molecular  depression,  204 
Constituents^  cnemical,  22 
Contact,  actions,  see  Catalytic 

process,  257 
Copper,  408 

pyrites,  248 

see  Cupric  and  Cuprous 
Copperas,  499 
Coral,  391 

Corrosive  sublimate,  436 
Cotton,  332,  448 
Crayon,  391 
Crocoisite,  475 
Cryolite,  443 
Crystal,  forms,  93 
Crystallization,  water  of,  82,  84,  see 

Hydrates 
Cullinan  diamond,  317 
Cupel,  417,  425 
Cupellation,  418 
Cupric  acetate,  415 

ammonio-,  compounds,   412,    41.'{, 
414,  416 

bromide,  235,  381,  412 

carbonate  (basic),  414 

chloride,  411 

chloride  (basic),  411 

cyanide,  335 

cyanides,  414 

ferrocyanide,  416,  502 

hydroxide,  414 

iodide,  412 

-ion,  416 

nitrate,  414 

electrolysis  of,  216 

oxide,  414 

oxychloride,  411 

phosphide.  307 

sulphate,  415 

eleetrolvsis  of,  218 
hydrated.  82,  83,  415 

sulphide,  416 
Cuprite,  409 

C\iprous,  ammonio-,  compounds,  412, 
413,  414 

bromide.  412 

•»♦  Acids  an>  all  listM  under  **ucid  " 


Cuprous,  chloride,  412,  413 

cyanide,  335,  414 

iodide,  413 

-ion,  416 

oxiae^  413 

sulphide,  416 
Cyanogen,  335 

D ALTON'S  law  of  partial  preflBures,  0 

Deacon's  process,  110 

Decane,  328 

Decantation,  26 

Decomposition,  10 

Decrepitation,  366 

Defimte  proportions,  law  of,  29 

Degrees  of  ionization  (data),  228 

Deuc^uescence,  364 

Densities  of  gases,  126 

measurement  of,  61 
Depression  constant,  molecular,  20 
Depression,  freezing-point,  204 

abnormal,  205 
Dextrose,  332,  333 
Dialysis,  500 
Diamond,  317 
Diaspore,  445 
Diatomic  molecules,  138 
Dichromates,  476 

properties  of,  477 
Diffusion,  in  gases,  74 

in  solution,  101 
Dimorphous  substances,  249 
Disinfectants,  257,  399,  491 
Displacement,  68,  75 

ionic,  243 

Displacement  of  equilibria,  183 

ionic,  234 
Dissociation,  81 

hydrolytic,  see  Hydrolysis 

in  solution,  201,  207 

measured  by  density,  146 

pressure,  391 
Distillation,  26 

fractional,  328 

under  reduced  pressure,  197,  211 
Disulphates,  263 
Dog-tooth  spar,  391 
Dolomite,  317 
Double  decomposition,  10 

in  solution,  236 

Double  salts,  231  - 
Dulong  and  Petit *s  law,  135 
Dust,  in  air,  286,  287 
Dutch  metal,  114 
Dyeing,  448 

and  salts  under  the  positive  radical. 
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Earthenware,  449 
Earths,  alkaline,  388 

rare,  442 
Efflorescence,  83 
EggHshells,  391 

El^tric  furnace,  304,  320,  321 
Electrical   conductivity,    of   electro- 
lytes, 226 

of  metabj  353 
Electricity  m  chemical  change,  13 
Electrogildine,  425 
Electrolysis,  215 

explanation  of,  220 

of  chlorides,  109 

of  dilute  acids,  64 

primaiy  products  of,  216 

secondaiy  products  of,  216 
Electrolytes,  214 

Electrolytic  deposition,  copper,  410 
Electromotive,  series,  243,  245 

applications  of,  66,  76 
Electrons,  485 
Electroplating,  copper,  410 

gold,  425 

nickel,  505 

silver,  421 
Elemeirt,  definition  of,  20 

decomposition  of,  21,  485 
Elementary    substances,     liberation 
of,  67 

moleciilar  weights  of,  137 
Elements,  base-forming,  see  Elements 
metallic 

chemical  relations  of,  116,  157 

metallic,  233,  271,  353 

metallic  and  non-metallic,  82,  276 

non-metallic.  233,  272 

positive  and  negative,  224 

quantities  of  interrestrial  material, 
21 

similar,  definition,  157 
Emeralds,  428 
Endothermal  actions,  55 
Energy,  15 

conser\'ation  of,  17 

internal,  17 
Enzymes,  333 
Epsom  salts,  430 
Equations,  40 

making  of,  41,  50,  159,  297 

molecular,  applications  of,  143 
interpretation  of,  142 
makmg  of,  142 

partial,  159 
Equilibrium,  characteristics  of,  91 

chemical,  174 

*«*  Acidt  are  all  listed  under  "acid 


Equilibrium,  chemical,  characteristics 
of.  176 
displacement  of|  183 
constant,  181 
in  saturated  solution,  105 
ionic,  224,  381 

considered  quantitatively,  381 
displacement  of,  234 
in  saturated  solutions,  384 
physicsd,  91 
Equivalent  weights,  32,  134 
Esters,  334 
Ethane,  318,  327,  328 
Ethyl  acetate,  334 
Ethylene,  329,  341 

bromide,  330 
Evaporation,  26 
Exothermal  actions,  55 
Explanation,  its  nature,  5  • 

Explosives,  301 

Extraction,  103  ' 

Fatb,  334 
Feldspar,  348,  443 

soda,  373 
Fermentation,  331,  332 
Ferrates,  494 
Ferric  alum,  501 

chloride,  500 

compounds,  500 

hydroxide,  500 

-ion.  502 

oxide,  494,  500 

sulphate,  501 

sulphide,  501 

thiocyanate,  336,  502 
Ferrous  carbonate,  499 

chloride,  498 

hydroxide,  499 

iodide,  362 

-ion,  502 

oxide,  499 

sulphate,  296,  499 

sulphide,  7,  499 
FertiUzers,  368,  401,  497 
Filters,  charcoal,  319 

Pasteur,  78 
Fireproofing,  380,  483 
"  Fixed  air/'  322 
Flame.  337 

Flash-light  powder,  428 
Flint,  346 
Fluorine,  168 
Fluorite,  168,  390 
Fluor-spar,  390 
Flux,  355 

and  Mitt  onder  the  positive  ndioal. 
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Fools'  cold,  501 
Formaldehyde,  257 
FonnulsB,  39 

graphic,  301 

makmg  of,  40,  50 

molecular,  of  compoimds,  133,  136 
of  simple  substances,  137,  139 

reaction,  83 

structural^  199 

9ee  Equations 
Formulation,  excess  of  one  ion,  382 
Fractions  ionized  (data),  228 
Franklinite,  431,  500 
Freezing  mixtures,  204,  282,  390 
Freezing-points,  abnormal,  205 

of  solutions,  204 
Fulminating  mercuiy,  438 
Furnace,  blast,  495 

electric,  304,  320,  321 

reverberatoiy,  375,  376 
Fusel  oil,  319 
Fuses,  detonating,  V95 

G.  M.  v.,  128 
Gahnite,  446 
Galena,  see  Galenite 
Galenite,  248,  417,  456 
Gall,  334 
Gallium,  277,  442 
Garnet,  94 
Gamierite,  505 
Gas,  coal,  340 

illuminating,  340 

oil,  340 

water,  325,  340 
Gases,  densities  of,  61,  126 

drying  of,  390 

liquefaction  of,  289 

mixed,  60 

relative  volumes  of,  145 

relative  weights  of,  61,  145 

solubility  of;  103 
Gasolene,  328 
Gay-Lus8ac*s  law,  see  Charles'  law 

of  combining  volumes,  84,  89 
Generalization,  definition  of,  4 
Germanium,  277,  451 
German  silver,  411,  505 
Glass,  402 

ci>balt,  504 

colored,  403 

etching  of,  171 
Glauber's  salt.  379 

solubility  of.  106 
Glucinvim.  427 
Glucivso.  :<.TJ,  414 


Glycerine,  294^^34 
Gold,  422 

compounds  of,  424 

extraction  of  ,  116 

fools',  501 
Goldschmidt's  process,  444 
Gram-molecular  volume,  128 
Granite,  348 
Grape-sugar,  332 
Graphite,  318 

artificial,  109 
Gravimetric,  242 
Gim-cotton,  294,  301 
Gun-metal,  411 
Gunpowder,  26,  366 
Gypsum,  95,  248,  399 

HiGMATITE.  494 

Hsemoglobin,  52,  326,  495 

Halite,  108 

Halogen^unily,  ITl 

Halogens,  chemical  relations  of.  K 

172,  199 
Hardness  (water)^  77,  392 
Heat,  of  combustion,  55 

of  fusion,  78 

of  reaction,  13,  55 

of  solution,  100 

of  vaporization,  80 
Heating,  256 
Heavy-spar,  405 
Helium,  290,  485 
Henry's  law,  103 
Heptane,  327,  328 
Hexacontane,  327 
Hexadecane,  327,  328 
Hexane,  327,  328 
Homo^neous  systems,  181 
Horn-silver,  417 
Hydrargyllito,  445 

Hydrates      (substances      containin, 
water  of  crystallization),  82, 8 
Hydrazine,  280,  283 
Hydrocarbons,  327 

saturated,  327 

unsaturated,  329 
Hydrogen,  63 

active  (nascent),  302 

arsenuretted,  463 

chemical  properties,  74 

nascent,  302 

occurrence,  63 

physical  properties,  72 

preparation,  64,  65,  66,  67 
Hydrogen  bromide,  161 

see  Acid,  hydrohromic 
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Hydrogen  chloride,  117,  387 

composition,  121 

preparation,  theoiy  of,  118 

see  Acid,  hydrochloric 
Hydrogen  flporide,  170 
Hydrogen  "rodide,  166 

dissociation  of,  174,  180,  183 
Hydrogen-ion,  232 
Hydrogen,  peroxide,  210 

selenide,  269 

sulphate,  263 

sulphide,  250 

see  Acid,  sulohuric 
Hydrolite,  390 
Hydrolysis,  163 

of  salts,  353 
Hydrosulphate-ion,  264 
Hydrosulphide-ion,  252 
Hydroxide-ion,  232 
Hydroxylamine,  280 
Hypo,  379 
Hypochlorites,  188 
Hypochlorous  anhydride,  191 
Hypothesis,  atomic,  89,  151 

Avogadro's,  89,  125 

kinetic-molecular,  86 

of  ions,  219 

Ice,  78 

Iceland  spar,  391 
Identification,  means  of,  24 
Illuminating-gaB,  340 
Illuminating  lamps,  Nemst,  460 

Welsbach,  338 
Impure,  definition  of,  22 
Indicators,  242 
Indigo,  192,  194,  210 
Indium,  442 
Ink,  marking,  420 

printers',  318 

sympathetic,  503 

writing,  499 
Insoluble  salts,  theory  of  precipita- 
tion, 394,  398 

theoij  of  solution,  395,  396 

solution  to  give  complex  ions,  413 
Internal  energy,  17 
Internal  rearrangement,  10 
Iodic  anhydride,  198 
Iodine,  164 

atomic  weight  of,  277 

chlorides,  172 

I>entoxide,  198 

tincture  of,  166 

union  with  hydrogen,  166, 174,  180, 
183 


Iodine,  vapor,  density  of,  147,  166 

Iodoform,  329 

Ion,  common,  effect  of  adding,  386 

-product  constant,  385 
lomc  equilibrium,  224 

considered  quantitatively,  381 

displacement  of,  234 

in  saturated  solutions,  384 

with  single  ionogen,  2i33 
Ionic  subs^mces,  231 

names  of,  224 
Ionium,  485 
Ionization,  214 

constant,  225 

degrees  of  (data),  228 

hypothesis  of,  219 

repression  of,  386 
lonogens,  223 

classes  of,  231 

non-ionic  formation  of,  245 
Ions,  char^  on,  220 

difficulties  presented  by  hypothesis 
of,  220 

hypothesis  of,  219 

migration  of,  217 

nomenclature  of,  223 

speed  of  migration,  219 
Iric&um,  508,  509 
Iron,  494 

alum,  501 

carbide,  496 

carbonyls,  502 

cast,  496 

chemical  properties,  498 

cyanides,  501 

dialysed,  500 

galvanised,  431 

magnetic  oxide,  494,  501 

meteoric,  494 

ore,  bog,  500 

ore,  brown,  500 

pyrites,  494 

Spiegel,  496 

-stone,  494 

wrought,  496 

see  Ferrous  and  Ferric 
Isatin,  192,  194 

Jasper,  346 
Jute,  332 

Kainite,  368 
KaoUn,  348,  443,  449 
Kelp,  164 
Kerosene,  328 
Kinetic-molecular  hypothesis,  86 
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duooaale,  460, 

cfioxide,  in 

hydioxkip,  458 

kxfide,  4o4 

nitnle,  4o9 

oxides.  457 

pencils.  3 IS 

red,  458 

sugar  of,  459 

sulphate,  459 

sulphide,  4G0 

white,  459 
Le  Blanc  soda  process,  375 
Lepidolite,  380 
Le^'ulose,  33^i 
Light,  from  chemical  action.  305 

in  chemical  action.  *>.  113.  191,  3lM 

see  Photochemii>t  n' 
Li2:nin,  318 
Lime,  building.  393 

burning.  392 

chloride  of.  see  Bleaching  powder 

in  water,  324 

-Ught,  338 

superphosphate  of,  402 

-water,  393 
Limestone.  390 
Linen,  332,  448 
Liquefaction  cf  ga^Jei^  289 
Liauid  air.  290 
Litnarge,  457 

♦»♦  Acids  are  all  listed  under  "  acid 


Lrthiiiin,  380 
cmxinde,  358 
oompounds  of,  381 


Litmus,  242,  243 
Lodestooe,  501 
Lmninoaty,  cause  of,  341 
L«zttr  caustic,  420 
Lyes,  232 


I   Magnaliiim,  444 
!    Magnegia  tilba,  430 
'   MjignpwML,  calcined,  429 
IUiDeate,428 
liak^Desium,  428 

ammonium  phosphate,  311, 
caihonate,  428,  430 
chloiide,  428 
1       hjndioxide,  429 
-ion,  430 

nitride,  280,  281,  428 
oxide,  429 
&u^)hate,  430 
sulphide,  430 
Maenetite,  494 
Makchite,  409,  414 
!   MallealHlitY,  order  of,  351 
Mani^anate?,  487,  490 
Manganese,  487 
carl>ide.  35S 

cl:\j5?es  of  compounds,  4S7 
dioxide.  Ill 

catalysis  bv,  47 
oxides  of.  4S8,  491 

Manganic  compounds.  4.S7.  4911 

Maniranites,  487,  490 

Mancanous  comp)ounds,  4S7.  1> 

Marble.  391 

Man^h  pis.  328 
i    Man^hs  tost.  4^3 
\    Mass.  action.  180 

conservation  of,  12 

Match.>s.  306 
,    Matrix.  248 
Mechanical  energy',  in  chemistr>' 
Meerschaum.  42S* 
Mendelejcff's  table,  274 
Mercuric  chloride,  436 

fulminate,  438 

-ion,  439 

oxide,  7,  437 
M(*rciirous-ion.  4.)9 
Mcrcun',  435 

-ammonia  compounds,  43S 

'  and  salts  uiidtT  the  positive  radical. 
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■    llercury,  chlorides,  436  ) 

3       iodides,  437 

.jm    nitrates,  438 

I  *    oxides,  437 

^       sulphides,  438 

f  Metallic  elements,  82,  233,  271,  353 

..Metab,   electrical   conductivities  of, 
J*  353 

"       extraction  from  ores,  355 
found  native,  245,  354 
heavy  and  light,  351 
■ji      hydroxides  of,  356 
melting  points  of,  352 
native,  245,  354 
0        oxides  of,  356 

physical  properties  of,  351 
see  Metallic  elements 
I?    "  Metals,"  recognition  of,  in  analysis, 
439 
Meteorites,  494 
Methane,  318,  327,  328 
Methyl,  orange,  243 
Mica,  348,  443 

Uthia,  380 
Microcosmic  salt,  311,  312 
Migration,  ionic,  217 
Minium,  458 
Mirrors,  421 
Mixed  gases,  60 

salts,  231 
Mixture,  22 
Molar,  volume,  128 
solutions,  99 
weight,  128 
Molasses,  332 
Molds,  333 
Mole,  128 

Molecular,  concentration,  law  of,  180 
depression  constant,  204 
equations,  142 

applications  of,  143 
formulae.  133,  136 
hypothesis,  86 
weight,  205 

in  solution,  205,  212 
weights,  127 
of  elements,  137,  146,  147 
Molecule,  definition,  87 
Molecules,  diatomic,  138 
relative  weights  of,  125 
Molybdenum,  482 
carbide,  358 
compounds  of,  482,  483 
Mordants,  448,  449 
Mortar.  393 
Multiple  proportions,  law  of,  33 

•«•  AckU  are  all  liated  under  "  moid  " 


Naphtha,  328 

Nascent  hydrogen,  283,  302 

Negative  elements,  224 

radicals,  64 
Neodymium,  443 
Neon,  291 
Nemst  lamp,  460 
Neutral  salts,  231 
Neutralization,  189 

theory  of,  239 
Niccolite,  505 
Nickel,  505 

carbonyl,  506 

compounds,  505,  506 

glance,  505 

meteoric,  494 

plating,  505 

sulphate,  94 
Nitrates,  295 
Nitric  anhydride,  294 

oxide,  295 
Nitrides,  280 
Nitrites,  299 
Nitro-derivatives,  294 
Nitrogen,  279 

chloride,  284 

compared    with    phosphorus    and 
sulphur,  314 

dioxide,  see  Nitric  oxide 

family,  471 

iodide,  284 

monoxide,  300 

oxides,  292 

oxygen  acids  of,  292 

tetroxide,  296 

trioxide,  260,  300 
Nitroglycerine,  294,  301 
Nitroeyl,  259 

chloride,  299 
Nitrous  anhydride,  260,  300 

oxide,  300 
Nomenclature,  51,  186 

ionic  substances,  223 
Nonane,  328 
Non-elect roljrtes,  214 
Non-ionic  actions,  245 
Non-metallic  elements,  82,  233,  272 
Normal,  salts,  231 

solutions,  99 

Observation,  methods  of,  24 
Octahedron,  94 
Octane,  328 
Octaves,  law  of,  272 
Oil,  illuminating,  328 
fusel,  319 

and  lalti  under  the  potitive  radioaL 
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Oil,  -gas,  340 

of  vitriol,  259 
Oleum,  263 
OUvine,  428 
Onyx,  346 
Opal,  346 

C^)en  hearth  process,  497 
Ores,  354 

Organic  chemistiy,  316 
Orpiment,  462 
Orthoclase,  348 
Osmium,  508 
Osmotic  pressure,  101 

abnormal,  206 
Oxidation,  51.  52,  75.  110,  302 
Oxides,  nomenclature  of,  51 
Oxidizing  agents,  111,  192,  194,  196, 

198,  210,  212,  492 
Oxygen,  45 

chemical  properties,  48 

physical  properties,  48 

preparation,  46 
Oyster  shells,  391 
Ozone,  138,  209 

Paint,  luminous,  401 

white,  405,  432,  459 
Palladium,  508,  509 
Paper,  manufacture  of,  332,  446 
Paraffin,  328 

series,  327 
Paris  green,  415,  465 
Paris,  plaster  of,  400 
Parke's  process,  417 
Partition,  law  of,  103 
Passive  metals,  475 
Peart  ash,  391 
Pearts,  367 
Pentane,  327,  328 
Pentatriacontane,  327 
Pentlandite,  505 
Perchlorates,  196 
Perchloric  anhydride,  197 
Periodic  system,  271,  276 

see  Table  opposite  inside  of  rear 
cover 
Permanent  white,  405 
Permanganates,  487,  491 
Permanganic  anhydride,  491 
Peroxides,  in  restricted  sense,  212,  488 
Petroleum,  328 
Pewter,  452 
Phenol,  294 
Phenolphthalein,  242 
Philosophers'  stone,  303 
Phosgene,  326 


Fhosphine,  306,  313 
Pho^honium  compounds,  307 
Pho^horic  anhydride,  308 
Phosphorus,  303 

acids  of,  309 

chemicfld  relations  of,  303,  314 

compared  with  nitrogen  and  s 
phur,  314 

haUdes,  307 

hydrides  of,  306 

oxides,  308 

pentachloride,  114,  178,  180,  dOS 
dissociation  of,  146 

pentoxide,  308 

sulphides,  314 

tetroxide,  308 

trichloride,  114,  308 

trioxide,  308 
Photochemistry,  9,  103,  305^  320 
Photography,  267,  421 
Pink-salt,  454 
Pintsch's  oil-gas,  340 
Plaster  of  Paris,  400 
Platmum,  508,  510 

compounds  of,  510 

tetrachloride,    see    Acid,     chlon 
platinic 
Plumbates,  458 
Plumbic,  see  Lead 
Plumbic-ion,  460 
Plumbites,  458 
Polysulphides,  255 
Porcelain,  449 
Positive,  elements,  224 

radicals,  64 
Potash,  caustic,  232 
Potassium,  361 

-aluminium  sulphate,  447 

argenticyanide,  419,  421 

arsenite,  465 

aurocyanide,  423 

bisulphate,  368 

hi  tart  rate,  369 

broraate,  197,  365 

bromide,  362 

carbonate,  366 

chlorate,  47,  111,  195,366 

chloride,  361 

chloroplatinate,  369,  511 

chromate,  475 

cobalticyanide,  504 

cobaltinitratc,  504 

cupric  sulphate,  416 

cuprocyanidc,  415 

cyanate,  336,  367 

cyanide,  335,  307 
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Potassium,  dichromate,  111,  476 

ferricyanide,  502 

ferrocyanide,  501 

fluorides,  170,  362 

hydride,  361 

-hydrogen  sulphate,  368 
sulpmde,  368 
tartrate,  369 

hydroxide,  363 

hypobromite,  197 

hypochlorite,  189 

hypophosphite,  306 

iodate,  198,  365 

iodide,  362 

-ion,  360 

manganate,  490 

mets^ilicate,  344 

nitrate,  279,  292,  365 
electrolysis  of,  216 

oxide,  364 

perchlorate,  196,  365 

permanganate,  95,  110,  491,  492 
oxidation  by,  213 

peroxide,  364 

phosphate,  118,  161 

picrate,  369 

polysulphides,  368 

pyroantimoniate,  469 

sulphate,  361,  368 

sulphide,  368 

tartrate,  369 

thiocyanate,  336 

yellow  prussiate  of,  501 

-zinc  sulphate,  433 

zincate,  432 
Powder,  smokeless,  366 
Pras^xiymium,  443 
"  Precipitate,  white,"  438 
Precipitation,  ionic,  formulation  of, 
238 

rule  for,  394 

theoiy  of,  394 
Prediction  of  new  elements,  276 
Pressure,  dissociation,  391 

measurement  of  gaseous,  58 

osmotic,  101 
abnormal,  207 

partial,  60 

solution,  102 

vapor,  78,  79 
Problems,  arithmetical,  43,  60,  143 
Product,  solubility,  386 
Propane,  327,  328 
Properties,  specific,  23 

specific  chemical,  75 
Proustite,  417,  466 

•m*  Adds  are  aU  listed  under  "  add  '* 


Prussian  blue,  502 

PuddHng,  497 

Pure,  chemically,  definition  of,  23 

Putrefaction,  333 

Pyrargyrite,  417,  469 

Pyrite,  248,  256,  261,  494,  501 

I^rites,  arsenical,  462 

copper,  409 
Pyrolusite,  487 
I^rosulphates,  263,  265 

Qualitative  analysis  (cations),  439 
Quartation,  425 
Quartz,  94,  346 
QuickUme,  322,  391 
Quicksilver,  436 

Radicals,  64,  187,  201 

free,  208 

valence  of,  70 
Radio-activity,  484 
Radium,  484 
Reaction  formula,  83 
Realgar,  462,  466 
Red,  fire,  404 

heat,  temperature  of,  53 

lead,  488 
Reducing  agents,  75,  213,  253 
Reduction,  53,  75^253,  302 
Refrigeration,  281 
Relations,  chemical,  of  elements,  116, 

157 
Respiration,  289 
Reversible  actions,  46,  115,  174 

completion  of,  184 
Rhodium,  508,  509 
Rhombohedron,  9 
Rinmann's  green,  433 
Roasting,  256 
Rochelle  salt,  421 
Rock  crystal,  94,  346 
Rouge,  500 
Rubidium,  369 
Ruby  copper,  409 
Rust,  iron,  498 
Rusting,  2,  4,  52 
Ruthemum,  508 
Rutile,  460 

Salammoniac.  370 

Salt,  action  of  sulphuric  acid  on,  118 

-cake,  376 

common,  374 

deposits.  108,  361,  374,  428 

Glaubers,  379 

solar,  374 

and  ulti  under  the  positive  radical. 
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Salting  out,  335,  387 
Saltpeter,  279 

Bengal,  292,  365 

Chib,  292 
Salts,  acid,  171,  231 

activity  of,  229 

basic,  231 

chemical  behavior  of,  187,  201 

double,  231,  il6 

Epsom,  430 

hydrolysis  of,  254,  353 

ionic  substances  from,  232 

mixed,  231 

neutral,  acid  or  alkaline  reactions 
of,  353 
alkaline  reactions  of,  254 

nomenclature  of,  186 

non-ionic  formation  of,  246 

normal  or  neutral,  231 

solubilities    of,    see    Table    inside 
front  cover 
Sand,  343 
Sandstone,  348 
Saponification,  334 
Sapphire,  446 
Saturated  solution,  definition,  107 

equilibrium,  105 

making  of,  98 

theory  of,  102 

ionic  equilibrium  in,  384,  394 
Scandium,  277,  442 
Scheelite,  483 
Schlippe's  salt,  469 
Schoenite,  368 
Scientific  method,  1 
Sea-water,  108 
Selenite,  95,  400 
Selenium,  269 
Selters  water,  322 
Separation,  25 
Series,  elect mmotive,  245 

in  periodic  system,  *J73 

parafiiii,  327 
Serpentine,  'MS,  428 
Sesquioxides,  356 
Siderite,  494 

Siemens-Martin  process,  407 
Silica.  343 

Silicates,  classification  of,  347 
Silicon,  343 

carbide,  320 

compounds  of,  314 
Silk,  448 
Silver,  417 

bromide.  419 

chloride.  419 


Silver,  chromate,  479 

complex  compounds  of,  419 

German,  505 

hydroxide,  420 

iodide,  419 

nitrate,  420 

orthoarsenate,  465 

orthophosphate,  313,  421 

oxide,  213 

oxides  of,  419 

-platine,  421 

salts  o^  420 
Simple  substances,  liberation  of,  6 

molecular  weights  of,  137,  146, 1 
Simultaneous  actions,  194,  196 
Slag,  355 
Smalt,  504 
Smaltite,  503 
Smithsonite,  431 
Soap,  334 

salting  out  of,  335,  387 
SoapstonCj  428 
Soda,  calcmed,  377 

caustic,  232,  374 

crystals,  377 

washing,  377 

-water,  323 
Sodamide,  284 
Sodium,  373 

aluminate,  67,  445 

amalgam,  283,  373 

arsemte,  465 

bicarbonate,  323,  379 

carbonate,  375 
properties,  378 

chloraurate,  424 

chloride,  374,  380 

chromate,  476 

dichromate,  477 

fluosilicate,  380 

formate,  325,  330 

hydride,  373 

-hydrogen  carbonate,  ;iJo,  o79 

hydroxide,  37  \ 

hyposulphite.  "CO 

*'  hyposulphite,"  see  Thiosulphat 

iodate,  198 

-ion,  380 

metaphosphate,  312 

metasilicate,  347,  380 

metastannate,  4.)4 

nitrate,  279,  292,  375 

nitrite,  299,  375 

orthophosphate,  380 

primary,  secondary  and  tertiar 
311  ' 


«*  Acidt  are  all  listed  under  "acid  "  and  salti  under  the  positive  radical. 
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Sodium,  orthofiilicate,  346 

oxide,  375 

palmitate,  335 

pentasulphide,  379 

periodate,  198 

permanganate,  491 

peroxide,  211,  374 

phosphate,  common,  380 

polysul[)hides,  255 

pyroantimoniate,  380,  469 

pyrophosphate,  312 

pyrosulphate,  263 

sulphate,  379 
solubility,  106 

sulphide,  hydrolysis  of,  259 

sulphite,  256 

tetraborate,  348,  350,  380 

thiosulphate,  255,  266,  379 

tungstatc,  483 

zincate,  67 
Solder,  452 
Soldering,  283,  380 
Solubilities,    104;    8ee   Table    inside 

front  cover 
Solubility,  curves  of,  104 

independent,  103 

influence  of  temperature  on,  105 

limits  of,  97 

measurement  of,  97 

of  gases,  97,  103 

product,  386 
Solution,  96 

colloidal,  96,  500 

heat  of,  100 

in  two  solvents,  103 

of  insoiuble  substances,  395  (rule 
for),  396,  413 

pressure,  102 

saturated,  98,  102,  105,  107 

scope  of  word,  90 

solid,  97 
Solutions,  freezing-points,  204 

molar,  99 

normal,  99 

saturated,  107 

ionic  equilibrium  in,  386 

solid.  97 

standard,  211 

su{>erBaturated,  107 
Solvay  soda  process,  378 
Solvents,  immiscible,  103 
Spar,  391 

Specific  heats  of  elements,  135 
Specific  physical  properties,  23 
Speculante,  494 
SiKjed  of  reaction,  75,  170 

*«*  Adds  are  all  liHti^I  tiiui^r  "acid  " 


Speed  of  reaction,  affected  by,  cataly- 
sis, 54 
concentration,  178 
temperature,  53,  178 

in  homogeneous  systems,  182 
Sphalerite,  431 
Spinelle,  446 
Spirit  of  hartshorn,  281 
Spirit,  wood,  318 
Sprinklers,  470 
Stability,  meaning  of,  81 
Stalactites,  392 
Standard  solutions,  241 
Stannic  bromide,  454 

chloride,  453 

-ion,  455 

nitrate,  453 

oxide,  455 

sulphide,  455 

see  Tin 
Stannites,  453,  455 
Stannous  chloride,  45.') 

hydroxide,  455 

-ion,  455 

nitrate,  453 

oxide,  455 

sulphate,  453 

sulphide,  455 

see  Tin 
Starch,  332 

Stassfurt  deposits,  361,  428 
Steam,  78 
Steel,  497 

Stereotype-metal,  467 
Stibine,  467 
Stibnite,  467 
Stone,  artificial,  380 
Strontianite,  404 
Strontium,  404 

carbide,  358 

compounds,  404 

-ion,  404 

peroxide,  212 
Structure,  molecular,  156 
Strychnine,  319 
Stucco,  400 

Sublimate,  corrosive,  436 
Sublimation,  308 
Substance,  compound,  definition,  21 

definition,  23,  24 

simple,  definition,  21 
Substitution,  115 
Sugar,  cane,  332 

crystalline  form,  95 

grape,  3.32 

refining,  319 

and  salt!  under  the  ponitive  radioal. 
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Sulphantimoniates,  469 
Sulpharaenates,  466 
Sulphate-ion,  264 
Sulphates,  265 

acid,  see  Hydrogen  sulphates 
Sulphides,  253 

characteristics  of,  358 

solubility  of,  in  acids,  254 
Sulphites,  266 
Sulphur,  248 

amorphous,  249 

chemical  relations,  255 

compared  "With    pHospiiorus    and 
nitrogen,  314 

dioxide,  256 

family,  chemical  relations  of,  270 

flowers  of,  248 

liquid,  forms  of,  249 

monochloride,  267 

monoclinic,  249 

native,  formation  of,  252 

oxides  of,  256 

oxygen  acids  of,  258 

recovery,  377 

rhombic,  249 

roU,  248 

trioxide,  257 

uses  of,  250 

vapor,  density  of,  146 
Sulphuretted  hydrogen,  see  Hydrogen 

sulphide 
Sulphuric  anhydride,  257 
Sulphurous  anliydride;  256 
Sulphuryl  chlonde,  257,  268 
Superphosphate  of  lime,  401 
Supersaturated  solutions,  107 
Sylvanite,  423 
Sylvitc,  108,  361 
Svml)ols,  39 
Synthesis,  316 

Talc,  348,  428 
Tantalum,  472 
Tartar-emetic,  468 
Tellurium,  270 

atomic  weight  of,  277 
Temperature,  its  influence,  53,  178 
Temperatures,  red  heat,  etc.,  53 
Tempering,  498 
Tension,  acjueous,  60 

disvsociation,  391 
Tenacity,  order  of,  351 
Tests,  G6,  114 
Thallium,  442 
Thenardite,  379 
Theory,  of  ionization,  219 

♦«♦   Acids  are  all  listed  under  "  acid 


Theory,  of  predpitatioiiy  394 
Thermochemistiy,  65 
Thionyl  chloride,  267 
Thomaa-Gilchrist  prooeaB,  497 
Thorite,  460 
Thorium,  460 

dioxide,  338 
Tin,  461 

action  of  nitric  acid  on,  453 

bromide,  454 

chlorides,  453 

plate,  452 

-stone,  452 

sulphides^  455 

see  Stanmc  and  Stannoua 
Tincal,  348 
Titanium,  460 
Titration,  242 
Topaz,  95 

Transition  point,  78 
Triolein,  334,  335 
Tripalmitin,  334 
Tristearin,  334,  335 
Tungsten,  483 
Turnbull's  blue,  602 
Turpentine,  114 
Type-metal,  457 

Unit  weights,  chemical,  36 
Units  of  measurement,  42 
Unsaturated  compounds,  257 
Unstable,  meaning  of,  81 
Uranium,  compounds,  483 

Valence,  68 

definitions  of,  69,  70 

multiple,  72 

of  radicals,  70 
Vanadium,  472 
Vapor,  density,  62 

pressure,  78,  79 

tension,  91 
Varec,  164 
Vaseline,  328 

Velocity,  see  Speed  of  reaction 
Venetian  red,  500 
Verdigris,  415 
Vermilion,  438 
Vinegar,  331 
Vitriol,  blue,  415 

green,  499 

nitrous,  262 

oil  of,  259 

white,  433 
Vitriols,  433 
Volume,  molar,  129 

and  salts  under  the  pojiitive  nulioal. 
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Volumes,  relative,  of  gases,  145 
Volumetric  analysis,  242 

Washing  soda,  377 
Water,  77 

as  catalytic  agent,  114 

chemical  properties,  80 

composition,  84 

electrolysis, 

forms  hydrates.  82 

fraction  ionizea,  230 

gas,  325,  340 

hard,  324,  335,  391 

ionization  of,  230 

of  ciystaIli2«tion,  see  Hydrates 

physical  properties,  78 

purification,  52,  77,  210 

soda.  322 

stability  of^  81 

surface  moisture,  80 

union  with  oxides,  51,  81 

vapor  pressure  of,  78,  79 
Waters,  natural,  77 
Weights,  atomic,  36,  130 

chemical  unit,  36 

combining,  33 

gram-molecular,  128 

molecular,  127,  205 

relative,  of  gases,  61,  145 
Weldon  process.  490 
Welsbach  mantles,  338 
Whiskey,  319 

•m*  Adds  are  all  listed  under  "  aoid 


White  lead,  459 
Witherite,  405 
Wolfram,  483 
Wollastonite,  348,  402 
Wood,  318,  330 
Wood's  metal,  470 
Wool,  448 

Work,  methods  of,  24 
Wulfenite,  482 

X-RAT  screens,  511 
Xenon,  291 

Yeast,  333 

Zinc,  430 

arsenide,  463 

-blende,  248,  261,  431 

carbonate,  433 

chloride,  432 

dust,  431 

hydroxide,  432 

-ion.  434 

oxide,  432 

sulphate,  433 

sulphide,  433 

-white,  432 
Zincates,  432,  433 
Zincite,  431 
Zircon,  94,  348,  460 
Zirconium,  460 

aod  Mitt  under  the  positive  radical. 
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INTERNATIONAL   ATOMIC   WEIGHTS   (1008). 


Almnlnluin 
Antlmon; 
.  Aigon    . 


Boron    .^ 

BromJne 

Cftdmlam 

CMslum 

Cilcium 

Cvbon  . 

Cerium  . 

Cblorine 

Chroinium . 

Cobalt 

Columblum 


Coppe 
Erbiui 


FluoriiH 

Gadollulum 

Gallium 

Germanium 

Glucinum 

Gold.    . 

Helium  . 

Hjdnigeii 

Indium 

Iridium  . 

Krypton 
i^Qthmjiiim 
-t«Bd.     . 
UiUam 


27.1 
li!0.3 

7fiJ) 
1S7.4 
SOS.O 


Keodymii 

Nickel '. 
Nitrogen 
OBDiium 
0«ygen 


U.Ol 
IQl.O 
16.00 
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